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Preface 



The series of workshops on "What Comes Beyond the Standard Model?" started 
in 1998 with the idea of organizing a real workshop, in which participants would 
spend most of the time in discussions, confronting different approaches and ideas. 
The picturesque town of Bled by the lake of the same name, surrounded by beau- 
tiful mountains and offering pleasant walks, was chosen to stimulate the discus- 
sions. 

The idea was successful and has developed into an annual workshop, which 
is taking place every year since 1998. Very open-minded and fruitful discus- 
sions have become the trade-mark of our workshop, producing several published 
works. It takes place in the house of Plemelj, which belongs to the Society of Math- 
ematicians, Physicists and Astronomers of Slovenia. 

In this eleventh workshop, which took place from 15th to 25th of July 2008, we 
were discussing several topics, most of them presented in this Proceedings mainly 
as talks. The main topic was this time the dark matter candidates. Is the approach 
unifying spins and charges, proposed by Norma, which is offering the mecha- 
nism for generating families and is accordingly predicting the fourth family to 
be possibly seen at LHC and the stable fifth family as the candidate to form the 
dark matter cluster, the right way beyond the standard model? Are the clusters 
of the fifth family members alone what constitute the dark matter? Can the fifth 
family baryons explain the observed properties of the dark matter with the direct 
measurements included? What if such a scenario is not confirmed by the direct 
measurements? 

Talks and discussions in our workshop are not at all talks in the usual way. Each 
talk or discussions lasted several hours, divided in two hours blocks, with a lot of 
questions, explanations, trials to agree or disagree from the audience or a speaker 
side. Most of talks are "unusual" in the sense that they are trying to find out new 
ways of understanding and describing the observed phenomena. 
New this year was the teleconference taking place during the Workshop on the 
theme of dark matter. It was organized by the Virtual Institute for Astrophysics 
(wwww.cosmovia.org) of Maxim Khlopov with able support by Didier Rouable. 
We managed to have ample discussions and we thank in particular Jeffrey Fillip- 
ini of Berkeley University for discussions on the CDMS experiment. 
What science has learned up to now are several effective theories which, after 
making several starting assumptions, lead to theories (proven or not to be con- 
sistent in a way that they do not run into obvious contradictions), and which 
some of them are within the accuracy of calculations and experimental data, in 
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agreement with the observations, the others might agree with the experimental 
data in future, and might answer at least some of the open questions, left open 
by the scientific community accepted effective theories. We never can say that 
there is no other theory which generalizes the accepted "effective theories", and 
that the assumptions made to come to an effective theory in (l+3)-dimensions are 
meaningful also if we allow larger number of dimensions. It is a hope that the 
law of Nature is simple and "elegant", whatever the "elegance" might mean (be- 
sides simplicity also as few assumptions as possible), while the observed states 
are usually not, suggesting that the "effective theories, laws, models" are usually 
very complex. 

We have tried accordingly also in this workshop to answer some of the open 
questions which the two standard models (the electroweak and the cosmological) 
leave unanswered, like: 

• Why has Nature made a choice of four (noticeable) dimensions while all the 
others, if existing, are hidden? And what are the properties of space-time in 
the hidden dimensions? 

• How could "Nature make the decision" about breaking of symmetries down 
to the noticeable ones, coming from some higher dimension d? 

• Why is the metric of space-time Minkowskian and how is the choice of metric 
connected with the evolution of our universe(s)? 

• Why do massless fields exist at all? Where does the weak scale come from? 

• Why do only left-handed fermions carry the weak charge? Why does the 
weak charge break parity? 

• Where do families come from? 

• What is the origin of Higgs fields? Where does the Higgs mass come from? 

• Can all known elementary particles be understood as different states of only 
one particle, with a unique internal space of spins and charges? 

• How can all gauge fields (including gravity) be unified and quantized? 

• What is our universe made out of (besides the baryonic matter)? 

• What is the role of symmetries in Nature? 

We have discussed these and other questions for ten days. The reader can see our 
progress in some of these questions in this proceedings. Some of the ideas are 
treated in a very preliminary way. Some ideas still wait to be discussed (maybe in 
the next workshop) and understood better before appearing in the next proceed- 
ings of the Bled workshops. 

The organizers are grateful to all the participants for the lively discussions and the 
good working atmosphere. This year Workshop mostly took place at the neigh- 
boring Bled School of Management (www.iedc.si). We thank it's director, Mr. 
Metod Dragonja, for kindly offering us the use of their facilities. We also thank 
their staff, particularly chief librarian Ms. Tanja Ovin, for providing us with ex- 
cellent support. 
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1 Does the Dark Matter Consist of Baryons of New 
Heavy Stable Family Predicted by the Approach 
Unifying Spins and Charges? * 

G. Bregar and N.S. Mankoc Borstnik 

Department of Physics, FMF, University of Ljubljana 
Jadranska 19, 1000 Ljubljana, Slovenia 

Abstract. We investigate the possibility that clusters of the heavy family of quarks and 
leptons with zero Yukawa couplings to the lower families constitute the dark matter. Such 
a family is predicted by the approach unifying spins and charges. We make a rough esti- 
mation of properties of clusters of this new family members and study limitations on the 
family properties due to the cosmological and the direct experimental evidences. 

1.1 Introduction 

Although the origin of the dark matter is unknown, its gravitational interaction 
with the known matter and other cosmological observations require that a candi- 
date for the dark matter constituent has the following properties: 

• i. The scattering amplitude of a cluster of constituents with the ordinary mat- 
ter and among the dark matter clusters themselves must be small enough to 
be in agreement with the observations (so that no effect of such scattering has 
been observed, except possibly in the DAMA experiments |1 1). 

• ii. Its density distribution (obviously different from the ordinary matter den- 
sity distribution) within a galaxy is approximately spherically symmetric and 
decreases approximately with the second power of the radius of the galaxy. 
It is extended also far out of the galaxy, manifesting the gravitational lensing 
by galaxy clusters. 

• iii. The dark matter constituents must be stable in comparison with the age of 
our universe, having obviously for many orders of magnitude different time 
scale for forming (if at all) matter than the ordinary matter. 

• iv. The dark matter constituents and accordingly also the clusters had to have 
a chance to be formed during the evolution of our universe so that they con- 
tribute today the main part of the matter in the universe. The ratio of the dark 

* This talk was sent in a shorter version to Phys. Rev. Lett, at 1 7 th of Nov. 2008. 
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matter density and the baryon matter density is evaluated to be 5-7. 

Candidates for the dark matter constituents may give the explanation for 
the non agreement between the two direct measurements of the dark matter con- 
stituents [12], provided that they measure a particular candidate. 

There are several candidates for the massive dark matter constituents in the 
literature, known as WIMPs (weakly interacting massive particles), the references 
can be found in 1411 1 . 

In this talk the possibility that the dark matter constituents are clusters of a 
stable (from the point of view of the age of the universe) family of quarks and 
leptons is discussed. Such a family is predicted by the approach unifying spin 
and charges [5679 10 1, proposed by N.S.M.B.. 

There are several attempts in the literature to explain the origin of families, 
all in one or another way just postulating that there are at least three families, 
as does the standard model of the electroweak and colour interactions. Propos- 
ing the (right) mechanism for generating families is therefore one of the most 
promising guides to understanding physics beyond the standard model. The ap- 
proach unifying spins and charges is offering a mechanism for the appearance 
of families. It introduces the second kind H5I6I7I9I11I of the Clifford algebra ob- 
jects, which generates families by defining the equivalent representations with 
respect to the Dirac spinor representationR The approach predicts more than the 
observed three families. It predicts two times four families with masses several 
orders of magnitude bellow the unification scale of the three observed charges. 
Since due to the approach (if a particular way of breaking the starting symmetry is 
assumed) the fifth family decouples in the Yukawa couplings from the lower four 
families [10], the quarks and the leptons of the fifth family are stable as required 
by the condition iii. . Since the masses of the fifth family lie much above the known 
three and the predicted fourth family masses (the fourth family might according 
to the first very rough estimates be even seen at LHC), the baryons made out of 
the fifth family are heavy, forming small enough clusters, so that their scattering 
amplitude among themselves and with the ordinary matter is small enough and 
also the number of clusters forming the dark matter is low enough to fulfil the 
conditions i. and iii.. 

We make a rough estimation of properties of clusters of the members of the 
fifth family (us , ds , "V5 , e$ ), which in the approach unifying spin and charges have 
all the properties of the lower four families: the same family members with the 
same charges U( 1 ] , SU(2) and SU(3), and interact correspondingly with the same 
gauge fields. 

We use a simple (the Bohr-like) model [12] to estimate the size and the bind- 
ing energy of the fifth family baryons, assuming that the fifth family quarks 
are heavy enough to interact mainly exchanging one gluon. We estimate the be- 

1 If the families can not be explained by the second kind of the Clifford algebra objects 
as predicted by the author of the approach (S.N.M.B.), it should then be showed, why 
do the Dirac Clifford algebra objects play the very essential role in the description of 
fermions, while the second kind of the Clifford algebra objects does not at all. 
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haviour of quarks and anti-quarks of the fifth family under the assumption that 
during the evolution of the universe quarks and anti-quarks mostly succeeded 
to form neutral (with respect to the colour and electromagnetic charge) clusters, 
which now form the dark matter. We also estimate the behaviour of our fifth 
family clusters if hitting the DAMA/Nal, DAMA-LIBRA Q and CDMS ex- 
periments. 

All estimates are very approximate and need serious additional studies. Yet 
we believe that such rough estimations give a guide to further studies. 

1.2 The approach unifying spin and charges 

The approach unifying spin and charges [5 6 7 9 10] motivates the assumption 
that clusters of the fifth heavy stable (with respect to the age of the universe) 
family members form the dark matter. The approach assumes that in d > ( 1 + 
13)-dimensional space a Weyl spinor carries nothing but two kinds of spins (no 
charges): The Dirac spin described by y a 's defines the ordinary spinor represen- 
tation, the second kind of spin [11 J described by Y a 's, anticommuting with the 
Dirac one, defines the families of spinors^] Spinors interact with the gravitational 
gauge fields: vielbeins and two kinds of spin connections. A simple starting La- 
grange density for a spinor and for gauge fields in d = 1+13 manifests, af- 
ter the appropriate breaks of symmetries, in d = 1 + 3 all the properties of the 
spinors (fermions) and the gauge fields assumed by the standard model of the 
electroweak and colour interaction, with the Yukawa couplings included. The 
approach offers accordingly the explanation for the appearance of families (see 
ref . II5I6I7I9I10I and the references cited in these references) and predicts two times 
four families with zero (that is negligible with respect to the age of the universe) 
Yukawa couplings among the two groups of families at low energy region. In the 
very rough estimations 1 10 1 the fourth family masses are predicted to be at rather 
low energies (at around 250 GeV or higher), so that it might be seen at LHC. The 
lightest of the next four families is the candidate to form the dark matter |^] The 
energy range, in which the masses of the fifth family quarks might appear, is far 
above 300 GeV (say higher than 1 4 GeV and much lower than the scale of the 
break of SO (4) x U(l) to SU(2) x U(1 ), which might occur at 10 13 GeV [13 J). 



2 There is no third kind of the Clifford algebra objects: If the Dirac one corresponds to 
the multiplication of any object (any product of the Dirac y a 's included) from the left 
hand side, then the second kind of the Clifford objects correspond (up to a factor) to the 
multiplication of any object from the right hand side. 

3 If the approach unifying spin and charges is, by using the second kind of the Clifford 
algebra objects, offering the right explanation for the appearance of families |5 9 10 11], 
as does the first kind describe the spin and all the charges, then more than three observed 
families must exist and the fifth family appears as a natural explanation for the dark 
matter. 
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1.3 Properties of clusters of a heavy family 

Let us assume that there is a heavy family of quarks and leptons as predicted 
by the approach unifying spins and charges: i. It has masses several orders of 
magnitude greater than the known three families, ii. The matrix elements with 
the lower families in the mixing matrix (the Yukawa couplings) are equal to zero, 
iii. All the charges (SU(3), SU(2), U(l ) and correspondingly after the break of the 
electroweak symmetry SU(3),U(1)) are those of the known families and so are 
accordingly also the couplings to the gauge fields. Families distinguish among 
themselves in the family index (in the quantum number, which in the approach 
is determined by the operators S ab = \{y°"y h — y h y a )), and (due to the Yukawa 
couplings) in their masses. 

For a heavy enough family the properties of baryons (neutrons U5 (u.5 ds ds ), 
protons (ususds), A5 (ususds), A5 + (U5U5U5), e.t.c), made out of the quarks U5 
and ds can be estimated by using the non relativistic Bohr-like model with the \ 
(radial) dependence of the potential between a pair of quarks V = — where 
a c is in this case the colour (3 for three possible colour charges) coupling constant. 
Equivalently goes for anti-quarks. This is a meaningful approximation as long as 
one gluon exchange contribution to the interaction among quarks is a dominant 
contribution (which means: as long as excitations of a cluster are not influenced 
by the linearly rising part of the potential). 

Which one of ps, ns or maybe A~ or A ++ is a stable fifth family baryon, 
depends on the ratio of the bare masses m U5 and m<i 5 , as well as on the weak 
and electromagnetic interactions among quarks. If m.d 5 is appropriately lighter 
than m U5 so that the repulsive weak and electromagnetic interactions favors the 
neutron ns, then ns is a colour singlet electromagnetic chargeless stable cluster 
of quarks with the lowest mass among the nucleons of the fifth family with the 
weak charge — 1/2. 

If m-ds is heavier (enough, due to stronger electromagnetic repulsion among 
the two U5 than among the two ds) than m U5 , the proton ps, which is a colour 
singlet stable nucleon, needs the electron es or ei to form an electromagnetic 
chargeless cluster. (Such an electromagnetic and colour chargeless cluster has also 
the expectation value of the weak charge equal to zero.) 

An atom made out of only fifth family members might be lighter or not than 
TI5, depending on the masses of the fifth family members. We shall for simplicity 
assume in this first rough estimations that TI5 is a stable baryon and equivalently 
also n.5, leaving all the other possibilities for further studies fl5l . 

In the Bohr-like model, when neglecting more than one gluon exchange con- 
tribution (the simple bag model evaluation does not contradict such a simple 
model R while the electromagnetic and weak interaction contribution is more 

4 A simple bag model with the potential V(r) = for r < R and V(r) = 00 oth- 
erwise, supports our rough estimation. It, namely, predicts for the lowest energy E 
(the mass) of a cluster of three quarks: E = 3m q5 c 2 (1 + (xfic/m q5 c 2 R) 2 ), with 
tanx = x/[1 - (m q5 c 2 R/fic) - y 7 * 2 + (m q5 c 2 R/hc) 2 ], where 2.04 < x < n for 
< (m.q 5 c 2 R//ic) < 00. For (m q5 c 2 R/ftc) w 8, for example, is x close to 3 and rises 
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than 1 times smaller) the binding energy and the average radius are equal to 

3 he 
H C5 = m q5 c 2 (3a c ) 2 , r C5 = j (1.1) 

The mass of the cluster is approximately m C5 c 2 = 3m q5 c 2 (1 — |(3a c ) 2 ) (if U5 
is the stable baryon, since we take that the space part of the wave function is 
symmetric and also the spin and the weak charge part, each of a mixed symmetry, 
couple to symmetric wave function, we neglect the weak and the electromagnetic 
interaction). Assuming that the coupling constant of the colour charge oc c runs 
with the kinetic energy E of quarks as in ref. [14J with the number of flavours 



-_2\ _ <Xc(M^ 

we estimated the properties of a baryon as presented on Table [TTTj 



N F = 8 (a c (E 2 ) = 2 *< M ' 2 , with a c ((91 GeV) 2 ) = 0.1176(20) ) 



nv q 5 c 1 


OCc 


E c 5 
TeV 


r c5 




TeV 


10- 7 fm 


( 10- 7 fm) 2 


10 2 


0.09 


5.4 


150 


6.8- 10 4 


10 4 


0.07 


3 • 10 2 


1.9 


12 


TO 6 


0.05 


2- 10 4 


0.024 


1.9- 10^ 



Table 1.1. Properties of a cluster of the fifth family quarks within the Bohr-like model. 
m q5 in TeV/ c 2 is the assumed fifth family quark mass, <x c is the coupling constant of the 
colour interaction at E « (— E Cs /3) (Eq.l jl.l} ), which is the kinetic energy of the quarks 
in the cluster, r c5 is the corresponding Bohr-like radius, cr C 5 = 7tr 2 5 is the corresponding 
scattering cross section for a chosen quark mass. 



The binding energy is approximately of two orders of magnitude smaller 
than the mass of the cluster. The U5 (u q5 d q= dq 5 ) cluster is lighter than cluster ps 
(uq 5 d q5 dq 5 ) if (m U5 — mas ) is smaller then (0.6, 60, 600) GeV for the three values 
of the m.q 5 on Table [TTT] respectively. We clearly see that the "nucleon-nucleon 
force" among the fifth family baryons leads to for many orders of magnitude 
smaller scattering than among the first family baryons. 

The scattering cross section between two clusters of the fifth family quarks is 
determined by the weak interaction as soon as the mass exceeds several GeV. 

If a cluster of the heavy (fifth family) quarks and leptons and of the ordinary 
(the lightest) family is made, then, since ordinary family dictates the radius and 
the excitation energies of a cluster, its properties are not far from the properties of 
the ordinary hadrons and atoms, except that such a cluster has the mass dictated 
by the heavy family members. 



very slowly to n. Accordingly the mass of the three quark cluster is close to three masses 
of the quark, provided that R is assumed to be as calculated by the Bohr-like model. 
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1.4 Dynamics of a heavy family clusters in our galaxy 

The density of the dark matter Pd m in the Milky way can be evaluated from the 
measured rotation velocity of stars and gas in our galaxy which is approximately 
constant (independent of the distance from the center of our galaxy). For our Sun 
this velocity is v$ ~ (170 — 270) km/s. Locally Pd m is known within a factor of 
10 to be po ~ 0.3GeV/(c 2 cm 3 ), we put Pdm = Po£ P , with -y < e p < 3. The 
local velocity of the dark matter cluster v^m is model dependant. In a simple 
model that all the clusters at any radius r from the center of our galaxy rotate 
in circles way around the center, so that the paths are spherically symmetrically 
distributed, the velocity of a cluster at the position of the Earth is equal to Vs, 
the velocity of our Sun in the absolute value, but has all possible orientations 
perpendicular to the radius r with equal probability. In the model that all the 
clusters oscillate through the center of the galaxy, the velocities of the dark matter 
clusters at the Earth position have values from zero to the escape velocity, each 
one weighted so that all the contributions give Pdm- Also the model that clusters 
make all possible paths from the oscillatory one to the circle, weighted so that 
they reproduce the Pdm, seems acceptable. Many other possibilities are presented 
in the references of Iffl . 

The velocity of the Earth around the center of the galaxy is equal to: = 
Vs + Ves/ with ves = 30 km/s. Then the velocity with which the dark matter hits 
the Earth is equal to: VdmEi = V(j m i — v^, where the index i stays for the i-th 
velocity class. 

Let us evaluate the cross section for a heavy dark matter cluster to elasti- 
cally scatter on an ordinary nucleus with A nucleons in the Born approxima- 
tion: c C5 a = ~~^t < |M C5 aI > 2 - For our heavy dark matter cluster with a small 
cross section from Table |1.1| is ttva approximately the mass of the ordinary nu- 
cleus. If the mass of the cluster is around 1 TeV or more and its velocity ~ vs, 
is A = for a nucleus large enough to make scattering totally coherent. The 
cross section is almost independent of the recoil velocity of the nucleus. (We are 
studying this problem intensively.) For masses of quarks m q5 < 10 4 TeV (when 
the "nucleon-nucleon force" dominates) is the cross section proportional to (3 A) 2 
(due to the square of the matrix element) times (A) 2 (due to the mass of the nu- 
clei rriA ~ 3A m q , , with m q , which is the first family dressed quark mass), so 
that cr(v dm Ei, A) = cr(A) oc A 4 . Estimated with the Bohr-like model (Table 1.1 
c(vdmEi, A) = cr £a A 4 , with < £(j < 30 and cxq = 9 7tr 2 5 . For masses of the 
fifth family quarks m q5 > 10 4 TeV, the weak interaction starts to dominate. In 
this case the scattering cross section is cr(v dm Ei, A) = ( m "' Z)Gf ) 2 £o- weak 

(« (10- 6 fmA 2 ^) 2 £cT , veQk )= a A 4 £(T „ eak ,withcxo = ( ^'J^'^ ) 2 and 
£<r W( . ak ~ 1 (the weak force is pretty accurately evaluated, however, taking into 
account the threshold of a measuring apparatus may change the results obtained 
with the averaging assumptions presented above). 

We find accordingly for the flux per unit time and unit surface of our (any 
heavy with the small enough cross section) dark matter clusters hitting the Earth 
fdm = Li i^f 1 l v dmi - v E | to be approximately (as long as | Vd ^" Vs is small) 
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equal to: 

3>dm~> { Vdmi-Vs -V ES • | ,}. (1.2 

We neglected further terms. The flux is very much model dependent. We shall 
approximately take that 

Y l V dml - V S | Pdmi = £v dmS £p V S Po , 
i 

(with po = 0.3 GeV/(c 2 cm 3 )) while we estimate 

LVdmi — V S . 
ves • , r = v ES £ VdmES cos 9 sino)t, 

■ IVdmi — V S 

= 60°, \ < £vdmES < 3 and cu determined by one year rotation of our Earth 
around our Sun. 



1.5 Direct measurements of the fifth family baryons as dark 
matter constituents 

Assuming that the DAMA 1 1 ] and CDMS [2 1 experiments are measuring the fifth 
family neutrons, we are estimating properties of qs (us, ds). We discussed our 
rough estimations with Rita Bernabei [16J and Jeffrey Filippini [16] and both were 
very clear that one can hardly compare both experiments (R.B. in particular), and 
that the details about the way how do the dark matter constituents scatter on the 
nuclei and with which velocity do they scatter (in ref. [1] such studies were done) 
as well as how does a particular experiment measure events are very important, 
and that the results depend very significantly on the details, which might change 
the results for orders of magnitude. We are completely aware of how rough our 
estimation is, yet we see, since the number of measuring events is inversely pro- 
portional to the third power of clusters' mass when the "nuclear force" dominates 
for m q5 < 1 4 TeV, that even such rough estimations may in the case of our (any) 
heavy dark matter clusters say, whether both experiments do at all measure our 
(any) heavy family clusters, if one experiment clearly sees the dark matter signals 
and the other does not (yet?). 

Let N a be the number of nuclei of type A in the detectors (of either DAMA Iffl , 
which has 4.0 • 10 24 nuclei of I, with Ai = 127 nuclei per kg and the same num- 
ber of Na, with A Na = 23 or of CDMS @, which has 8.3 • 10 24 Ge nuclei, with 
Age = 73 per kg). At velocities of a dark matter cluster VdmE ~ 200 km/s are 
the 3A scatterers strongly bound in the nucleus, so that if hitting one quark the 
whole nucleus with A nucleons recoils and accordingly elastically scatters on a 
heavy dark matter cluster. Then the number of events per second (Ra) taking 



place in Na nuclei is due to Eq. 1.2 and the recognition that the cross section is at 
these energies almost independent of the velocity (and depends accordingly only 
on A of the nucleus), equal to 

Ra = N A — cx(A)v s £v dmS £ P d + — cos9 sin tut). (1.3) 

m c 5 £v dmS v s 



8 



G. Bregar and N.S. Mankoc Borstnik 



Let ARa mean the amplitude of the annual modulation of Ra ARa = RA(u>t = 
f) - R A (tut = 0). Then R A (sin tut = 1) = N A R A 4 £ ;' dmES cos 6, where 



Ro = Co — v s £/ and Ro is for the case that the "nuclear force" dominates 
R o = 71 ( a m C c^ 2 : ST L v s £ ' wim £ = £ p £ v dmES £ <r- r o is therefore proportional 

c '-1 5 9 5 

to TTVq^. We estimated < £ < 300, which demonstrates both, the uncertainties 
in the knowledge about the dark matter dynamics in our galaxy and our approxi- 
mate treating of the dark matter properties. When for m.q 5 c 2 > 1 4 TeV the weak 
interaction determines the cross section, Ro is in this case proportional to m q ' . 

We estimate that an experiment with Na scatterers should measure RA£cut/ 
with £ cut determining the efficiency of a particular experiment to detect a dark 
matter cluster collision. £ cut takes into account the threshold of a detector. Al- 
though the scattering cross section is independent of the energy, the number of 
detected events depends on the velocity of the dark matter clusters, due to the 
angular distribution of the scattered nuclei and due to the energy threshold of 
the detector, which is not included in £ v , c . For small enough " dmES ^e- 2 - cos 9 

' v d m S £v dmS Vs 

we have 

Ra £ C ut « N A Ro A 4 £ cut = ARa £ cut VS ^. (1.4) 

£ v dmES v ES COS0 

If DAM A [1J is measuring our (any) heavy dark matter clusters scattering 
mostly on I (we shall neglect the same number of N a, with A = 23), then 

P c ~ AP c £ VdmS v s 

■M i-cut dama ~ t C ut dama 



£ v llmES V SE COS 9 

In this rough estimation most of unknowns, except the local velocity of our Sun, 
the cut off procedure (e cu t dama) and - " dmS , are hidden in ARq. If we assume 
that the Sun's velocity is v s = 1 00, 1 70, 2207270 km/s, we find VSE v c s os9 = 7, 10, 14, 
1 8, respectively. The recoil energy of the nucleus A = I changes correspondingly 
with the square of vs. DAMA [1J publishes £ C utdama ARi = 0,052 counts per 
day and per kg of Nal. Correspondingly is Ri £ cut dama = 0, 052 £ " dTnS v „ v * 9 

v dmE S St 

counts per day and per kg. 

CDMS should then in 121 days with 1 kg of Ge (A = 73) detect R Ge £ C ut cdms 

8.3 I 73 14 Ccutcdms £v dmS V 



- , , t t= cutcdms VdmS 0.052 • 121 events, which is for the above 

4.0 '127' Ecutdama £ v dmES V SE COS9 ' 

measured velocities equal to (10,16,21,25) p £cilt cdms p £vdmS . CDMS [2] has found 

- 1 '-cut dama v d m £S 

no event. 

The approximations we made might cause that the expected numbers ( 1 0, 1 6, 
21, 25) multiplied by ^ cut cdms - " dmS are too high for a factor let us say 4 or 10. 

cut dama v dm E S 

(But they also might be too low for the same factor!) If in the near future CDMS 
(or some other equivalent experiment) will measure the above predicted events, 
then there might be heavy family clusters which form the dark matter. In this 
case the DAMA experiment put the limit on our heavy family masses (Eq.| |1.4) ). 
In this case the DAMA experiments puts the limit on our heavy family masses 
(Eq.( |1.4| ). Taking into account the uncertainties in the "nuclear force" cross sec- 
tion, we evaluate the lower limit for the mass m q5 c 2 > 200 TeV. Observing that 
for m.q 5 c 2 > 10 4 TeV the weak force starts to dominate, we estimate the upper 
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limit m.q 5 c 2 < 10 5 TeV. In the case that the weak interaction determines the n$ 
cross section we find for the mass range 1 TeV < m q5 c 2 < 1 5 TeV. 

1.6 Evolution of the abundance of the fifth family members in 
the universe 

There are several questions to which we would need the answers before estimat- 
ing the behaviour of our heavy family in the expanded universe, like: What is the 
particle — anti-particle asymmetry for the fifth family? What are the fifth family 
masses? How are gluons and quark — anti -quark pairs of the fifth family members 
(nonperturbatively) "dressing" the quarks of the fifth family, after the quarks de- 
couple from the rest of the cosmic plasma in the expanding universe and how do 
quarks form baryons? And others. We are not yet able to answer these questions. 
(These difficult studies are under considerations.) 

We shall simply assume that there are clusters of baryons and anti-baryons of 
the fifth family quarks constituting the dark matter. We estimate a possible evo- 
lution of the fifth family members' abundance when qs and qs are in the equi- 
librium with the cosmic plasma (to which all the families with lower masses and 
all the gauge fields contribute) decoupling from the plasma at the temperature 
T| w m.q 5 c 2 /kt,, with kb the Boltzmann constant, of the fifth family quarks and 
anti-quarks, assuming that the quarks and anti-quarks form (recombine into) the 
baryons U5 and U5. (Namely, when at Ti the fifth family quarks' (as well as the 
anti-quarks') scattering amplitude is too low to keep the quarks at equilibrium 
with the plasma, quarks loose the contact with the plasma. The gluon interaction, 
however, sooner or later either causes the annihilation of quarks and anti-quarks, 
or forces the quarks and anti-quarks to form baryons and anti-baryons, which are 
colour neutral (reheating the plasma). We are studying these possibilities in more 
details in [15]. Here we present the results of the very rough estimations, which 
need to be studied in more details.) 

To estimate the number of the fifth family quarks and anti-quarks clustered 

into n 5 and fL 5 we follow the ref. |4], chapter 3. Let Cl 5 = (p cr = §^|, H 
is the present Hubble constant and G is the gravitational constant) denote the 
ratio between the abundance of the fifth family clusters and the ordinary baryons 
(made out of the first family quarks), which is estimated to be w 0.1 . It follows 

O = 1 TlkB /-*f^Mlii3 / 4tt3G (T k b ) 3 1 
5 |3m C5 c 2V9 l a(T )V \J 45[hc)* p cr c 4 <o- 5 v/c> 1 ' 

where we evaluated ^ k ® 2 ( a(To)To ) 3 ~ ^ 1-3 • "^0 * s * ne today's black body ra- 
diation temperature, a (To) = 1 and a(Ti ) is the metric tensor component in the 
expanding flat universe, the Friedmann-Robertson- Walker metric: 

9jrv = diag(l , — a(t) 2 , — a(t) 2 , — a(t) 2 ), T = T(t). 

We evaluate « 10 ~ V200 (g* measures the number of degrees of 

freedom of our families and all gauge fields), 0.1 < |3 < 10 stays for uncertainty 
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in the evaluation of "^ c ? c and a !I' ?I' (6 determines the contribution of all the 

T, k B a(T )T vl 

degrees of freedom to the temperature of the cosmic plasma after the fifth family 
members "freezed out" at Ti forming clusters: A = a(To)To )• ^ ne dependence of 
Q.5 on the mass of the fifth family quarks is accordingly mainly in (3 cr 5 . 

Evaluating ^ 45^ = 200(10- 7 fm) 2 we estimate (for | « 1) that 

the scattering cross section at the relativistic energies (when kbT rs ra C5 c 2 ) is 
(10~ 7 fm) 2 < CT5 < (10~ 6 fm) 2 . Taking into account the relation for the relativistic 
scattering of quarks, with the one gluon exchange contribution dominating cr — 
8 7t( 3 ^=JH ) 2 , we obtain the mass limit 1 2 TeV < m q5 c 2 < 1 3 TeV. 

1.7 Concluding remarks 

We estimated in this talk a possibility that a new stable family distinguishable in 
masses from the families of lower masses and having the matrix elements of the 
Yukawa couplings to the lower mass families equal to zero, forms clusters, which 
are the dark matter constituents. Such a family is predicted by the approach uni- 
fying spins and charges 1I5I6|7|9|10| as the fifth family, together with the lower 
fourth family with the quark mass around 250 GeV or higher, which might be 
measured at LHC. The approach, which is offering a mechanism for generating 
families (and is accordingly offering the way beyond the standard model of the 
electroweak and colour interactions), predicts within the rough estimations that 
the fifth family lies several orders of magnitude above the fourth family and also 
several orders of magnitude bellow the unification scale of the standard model 
(that is the observed) charges. 

In this talk it is assumed that heavy enough quarks form clusters, interacting 
with the one gluon exchange potential predominantly. We use the simple Bohr- 
like model to evaluate the properties of these heavy baryons. We assume further 
(with no justification yet) that in the evolution of our universe the asymmetry 
of qs and qs, if any, resembles in neutral (with respect to the colour and elec- 
tromagnetic charge) clusters of baryons and anti-baryons, say neutrons and anti- 
neutrons made out of the fifth family (TI5 , fi.5 ), provided that the fifth family U5 
quark mass is (appropriately with respect to the weak and electromagnetic charge 
interaction) heavier than the ds quark, so that n 5 (usdsds) and not P5 or dsdsds 
is the lightest colour chargeless cluster made out of the fifth family quarks. Other 
possibilities (which might dominate and even offer the chargeless, with respect to 
the electromagnetic, weak and colour charge, and spinless clusters) will be stud- 
ied in the future. 

While the measured density of the dark matter does not put much limitation 
on the properties of heavy enough clusters, the DAMA/Nal experiments [1J does 
if they measure our heavy fifth family clusters and also does the cosmological 
evolution. DAMA limits our fifth family quark mass to 200 TeV < msc 2 < 10 5 TeV 
(in the case that the weak interaction determines the xi$ cross section we find 
10 TeV < m q5 c 2 < 10 5 TeV). The cosmological evolution suggests for the rela- 
tivistic scattering cross sections (10~ 7 fm) 2 < 05 < (10~ 6 fm) 2 and the mass limit 
200 TeV < m q5 c 2 < 2 • 1 3 TeV. 
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Let us add that in this case our Earth would contain for m q5 < 100 TeV a 
mass part w 10~ 9 of dark matter clusters, the mean time between two collisions 
among the dark matter clusters in our galaxy would be from 1 22 years on. 

Our rough estimations predict that if the DAMA/Nal experiment ] 1 J is mea- 
suring our heavy family clusters (or any heavy enough family cluster with small 
enough cross section), the CDMS experiments |2] would observe a few events as 
well in the near future. CDMS itself allows the heavy family mass to be 8 • 10 3 
TeV or higher. 

The ref . W7X studies the possibility that a heavy family cluster absorbs a light 
(first) family member, claiming that such clusters would survive in the evolution 
of the universe. They found out that such families would be seen by the DAMA 
experiment but not by the CDMS experiment. 

If future results from CDMS and DAMA will confirm our heavy family clus- 
ters with no light family quarks contributing, then we shall soon know, what is 
the origin of the dark matter. 

Let us conclude this talk with the recognition: If the approach unifying spins 
and charges is the right way beyond the standard model of the electroweak and 
colour interactions, then more than three families of quarks and leptons do exist, 
and the stable fifth family of quarks and leptons is the candidate to form the 
dark matter, in agreement with the observed DAMA data and our very rough 
cosmological estimations, but not yet in agreement with the CDMS experiments. 
The contradiction, if it is at all a contradiction, between the DAMA and CDMS 
experiments will be resolved with future statistics. 

In the case that the fifth family alone forms the dark matter, much more accu- 
rate calculations are needed to say more about the family and its evolution during 
the history of our universe. 

If our fifth family members do form the dark matter clusters, further studies 
of all the other possibilities, like what could neutrinos, H5 (usUsdses, which has 
all the charges of the standard model, with the weak charge included, equal to 
zero, so that only the nuclear force and the corresponding forces among neutral 
clusters with respect to the U(l) and the weak charge play the role) and other 
clusters of the fifth family contribute to the dark matter. 

Much more demanding studies are needed to understand possible behaviour 
of the members of the fifth family and the corresponding clusters in the early 
expanding universe. 

It would also be very interesting to estimate the properties of the matter the 
dark matter would form far in the future, if the dark matter baryons and anti- 
baryons of the fifth family members have the asymmetry. 
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Abstract. We discuss transormation laws of electric and magnetic fields under Lorentz 
transformations, deduced from the Classical Field Theory. It is found that we can connect 
the resulting expression for a bivector formed with those fields, with the expression de- 
duced from the Wigner transformation rules for spin-1 functions of massive particles. This 
mass parameter should be interpreted because the constancy of speed of light forbids the 
existence of the photon mass. 

2.1 Introduction 

Within the Classical Electrodynamics (CED) we can obtain transformation rules 
for electric and magnetic fields when we pass from one frame to another which 
is moving with respect to the former with constant velocity; in other words, we 
can obtain the relationships between the fields under Lorentz transformations or 
boosts. On the other hand we have that electromagnetic waves are constituted of 
"quanta" of the fields, which are called photons. It is usually accepted that pho- 
tons do not have mass. Furthermore, the photons are the particles which can 
be in the eigenstates of helicities ± 1 . The dynamics of such fields is described 
by the Maxwell equations on the classical level. On the other hand, we know 
the Weinberg-Tucker-Hammer formalism H1I2H which describe spin-1 massive parti- 
cles. The massless limit of the Weinberg-Tucker-Hammer formalism can be well- 
defined in the light-cone basis J3J. 

In this work we show how the classical-electrodynamics reasons can be re- 
lated with the Lorentz-group (and quantum-electrodynamics) reasons. 

2.2 The Lorentz Transformations for Electromagnetic Field 
Presented by Bivector 

In the Classical Electrodynamics we know the following equations to transform 
electric and magnetic fields under Lorentz transformations |4| 



E' = y(E + (3 x B) 



Y+1 



|3(|3 E) 



(2.1) 



B' = y(B- (3 x E) 




P(P-B) 



(2.2) 
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where y — 1 /y 1 — (3 = v/c; E, B are the field in the original frame of refer- 
ence, E', B' are the fields in the transformed frame of reference. In the Cartesian 
component form we have 

V =y(E i + e ijk p i B k ) Y—^ftV (2.3) 

y + 1 

B 1 ' = y(B i - e ijk 6 j E k ) - ^jP^'B' (2.4) 

Now we introduce a particular representation of S matrices (generators of rota- 
tions for spin 1): (S 1 )^ = — ie t:ik , i.e. 

/0 \ / i\ /0 -i0\ 

S x = -i , S y = 0, S z = i . (2.5) 
\0 i / \-i00/ \0 0/ 

Using the relation e l i k e lmk = & u 6' m — 6 im 6' 1 (the Einstein sum rule on the re- 
peated indices is assumed), we have for an arbitrary vector a: 

(S • a) 2 j = a 2 6 li - aV . (2.6) 

So with the help of the S matrices we can write 1 2.3 2.4} like 

V' = T (H i -i(S j ) ik p i B k )-^-[(3 2 5 i '-(S-6) 2 ]E', (2.7) 

y + 1 ' 

B 1 ' = ytB 1 + i(S j ) ik 6 j E k ) - ^y[P 2 S ij - [S • p)J]B' , (2.8) 



or 

t 
y + 1 



E' = {Y - -^—M - (S ■ |3) 2 ]}E - iy(S • B)B (2.9) 



B' = {y - ^.tP 2 - (S • (3) 2 ]}B + iy(S • m • (2.10) 
y + 1 



In the matrix form we have: 

E'\ {v-gr^-lS-fif. -iy(S-P) X W E 



B 7 V W-P) T-^r[P 2 -(S-(3) 2 ]y Vb 



(2.11) 



Now we introduce the unitary matrix U = f j ^ which satisfies U^U = 1 . 
Multiplying the equation 1 2.11 1 by this matrix we have 

•E'\ /y-^[P 2 -(S.B) 2 ] -iy(S.S) \ U+U /E\ 

{ iy(S.(3) y-^ 2 -iS^) 2 ]) V1U {^)' 

(2.12) 
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which can be reduced to 

/l-y(S-|3) + ^l(S-0) 2 

Now, let us take into account that (3-parameter is related to the momentum and 
the energy in the following way: when we differentiate E 2 — p 2 c 2 = m 2 c 4 we 
obtain 2EdE — 2c 2 p • dp = 0, hence §| = c 2 ^ = v — c|3. Then, we set y = 
where we must interpret m as some mass parameter (as in |5j p. 43]). It is rather 
related not to the photon mass but to the particle mass, with which we associate 
the second frame (the energy and the momentum as well). So, we have 

P'-LiR'\ / 1 C S 'P) i ( S 'P) 2 A 

t. +XD \ _ / mc + m(E+mc 2 ) U 

E'-iB'i o i + (^Pi + (s-p) 2 

7 \ U lf mc f m(E + mc 2 ) 

(2.14) 

Note that we have started from the transformation equations for the fields, which 
do not involve any mass and, according to the general wisdom, they should de- 
scribe massless particles. So, here the mass parameter is an auxiliary concept, 
which is possible to be used. 

2.3 The Lorentz Transformations for Massive Spin-1 Particles 
in the Weinberg-Tucker-Hammer Formalism 

When we want to consider Lorentz transformations and derive relativistic quan- 
tum equations for quantum-mechanical state functions, we first have to work 
with the representations of the quantum-mechanical Lorenz group. These rep- 
resentations have been studied by E. Wigner [6 J. In order to consider the the- 
ories with definite-parity solutions of the corresponding dynamical equations 
(the 'definite-parity' means that the solutions are the eigenstates of the space- 
inversion operator), we have to look for a function formed by two components 
(called the "right" and "left" components), ref. |5|. According to the Wigner rules, 
we have the following expressions 

Mvn = Ar(p^ ^)cMp\ (2.15) 
4>l(p h ) = A L (P^ M^cMp^) (2.16) 

o 

where p H = (E, 0) is the 4-momentum at rest, p H is the 4-momentum in the second 
frame (where a particle has 3-momentum p, c = h = 1). In the case of spin S, 

4> = f^ R |pM.|^ * s cane d the Weinberg 2(2S + 1) function [lj. Let us consider 

the case of S = 1 . The matrices Ar t ar e then the matrices of the (1,0) © (0,1) 
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representations of the Lorentz group. Their explicit forms are (tj> = n<J)) 



A R|L = exp(±S • cp) = 1 + (S • n) 2 

±Sn 



4> 2 4> 4 4) 6 



2! + 4! + 6! 



1! 3! 5! 



(2.17) 



or 



exp(±S-4>) = 1 +(S-n) z (cosh4)-l)±(S-n)sinh4). (2.18) 

El a __ 

Ipl' 



If we introduce the parametrizations cosh 4> = ^ , sinh 4> = , n — 



see E p.39-43], c = h = 1, we obtain 



1 



S p , (S-p) 



m m(E + m)' 

S-p | (S-p) 2 

m m(E + m) 

Thus, the equations 12.15 2.16} are written as 



A L (p^ 



1 - 



4v.r-"i = <!i + g - g + '^M w/l 



4>l(pH 



m m(E + m) 
m rnJE + m] I 



(2.19) 
(2.20) 

(2.21) 
(2.22) 



If we compare the equations 1 2.21|2.22 1 with the equation ( 2,14) we see that E iB 
can be considered as 4>R/ E + iB can be considered as 4>l- 



2.4 Conclusions 



We have found that when we introduce a mass parameter in the equation ( 2.13) 
we can make the equation | |2.14 1 and the equations 1 2.21|2.22) to coincide. This re- 
sult suggests we have to attribute the mass parameter to the frame and not to the 
electromagnetic-like fieldsQThis should be done in order to preserve the postu- 
late which states that all inertial observers must measure the same speed of light. 
Moreover, our consideration illustrates a sutuation in which we have to distin- 
guish between passive and active transformations. The answer on the question, 
whether the similarity between ( 2.14J and 12.21 2.22) is just a mere coincidence or 
not, should be answered after full understanding of the nature of the mass. 
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Abstract. Recently, some problems have been found in the definition of the partial deriva- 
tive in the case of the presence of both explicit and implicit functional dependencies in the 
classical analysis. In this talk we investigate the influence of this observation on the quan- 
tum mechanics and classical/ quantum field theory. Surprisingly, some commutators of the 
coordinate-dependent operators are not equal to zero. Therefore, we try to provide math- 
ematical foundations to the modern non-commutative theories. We also indicate possible 
applications in the Dirac-like theories. 

The assumption that operators of coordinates do not commute [ft^x^,]- = 
i0,^v (or, alternatively, [x^&y]- = iCfLxp) has been first made by H. Snyder (TJ. 
Later it was shown that such an anzatz may lead to non-locality. Thus, the Lorentz 
symmetry may be broken. Recently, some attention has again been paid to this 
idea [2] in the context of "brane theories". 

On the other hand, the famous Feynman-Dyson proof of Maxwell equa- 
tions |3] contains intrinsically the non-commutativity of velocities. While therein 
[x\x j ]_ = 0,but (t)]- = ^e ijk B k ^ (at the same time with [x\x>]_ = 

i^6 tj ) that also may be considered as a contradiction with the well-accepted theo- 
ries. Dyson wrote in a very clever way: "Feynman in 1948 was not alone in trying 
to build theories outside the framework of conventional physics... All these rad- 
ical programms, including Feynman' s, failed... I venture to disagree with Feyn- 
man now, as I often did while he was alive..." 

Furthermore, it was recently shown that notation and terminology, which 
physicists used when speaking about partial derivative of many-variables func- 
tions, are sometimes confusing |4J (see also the discussion in [5]). They referred 
to books JSJ: "...one identifies sometime f i and f, saying, that is the same function 
represented with the help of variables xi instead of x. Such a simplification is very 
dangerous and may result in very serious contradictions" (see the text after Eq. 
(1.2.5) in [6b]; f = f(x), fi = f (u(xi ))). In |4J the basic question was: how should 
one define correctly the time derivatives of the functions E[xi (t), . . .x n _i (t),t] 
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and E(x! , . . . x n _i , t)? Is there any sense in ^-E[r(t), t] and ^E(r, t^Those au- 
thors claimed that even well-known formulas 

l-in,n + l, and § = (W, E + £ CU, 

can be confusing unless additional definitions present^] 

Another well-known physical example of the situation, when we have both 
explicite and implicite dependences of the function which derivatives act upon, 
is the field of an accelerated charge [7j. First, Landau and Lifshitz wrote that the 
functions depended on the retarded time t' and only through if + R(t')/c = t 
they depended implicitly on x,y,z,i. However, later they used the explicit de- 
pendence of R and fields on the space coordinates of the observation point too. 
Of course! Otherwise, the "simply" retarded fields do not satisfy the Maxwell 
equations [4b]. In the same work Chubykalo and Vlayev claimed that the time 
derivative and curl did not commute in their case. Jackson, in fact, disagreed with 
their claim on the basis of the definitions ("the equations representing Faraday's 
law and the absence of magnetic charges ... are satisfied automatically"; see his 
Introduction in [5b]). But, he agrees with [7] that one should find "a contribution 
to the spatial partial derivative for fixed time t from explicit spatial coordinate 
dependence (of the observation point)". So, actually the fields and the potentials 
are the functions of the following forms: 

A M -(x,-y,z,t / (x,-L),z,t)),E(x,y,z,t'(x,-y,z,t)),B(x,y,z,t'(x,y,z,t)). 

Skovrlj and Ivezic [5c] call this partial derivative as 'complete partial derivative'; 
Chubykalo and Vlayev [4b], as 'total derivative with respect to a given variable'; 
the terminology suggested by Brownstein [5a] is 'the zw/zoZe-partial derivative'. 
We shall denote below this whole-partial derivative operator as while still 
keeping the definitions of [4c,d] . 

In [5d] I studied the case when we deal with explicite and implicite depen- 
dencies f (p, E(p) ). It is well known that the energy in the relativism is connected 
with the 3-momentum as E = ± \/p 2 + m 2 ; the unit system c = H = 1 is used. 
In other words, we must choose the 3-dimensional hyperboloid from the entire 
Minkowski space and the energy is not an independent quantity anymore. Let us 



1 The quotation from [4c, p. 384]: "the [above] symbols are meaningless, because the pro- 
cess denoted by the operator of partial differentiation can be applied only to functions of 
several independent variables and iE[r(t),t] is not such a function." 

2 As for these formulas the authors of |4| write:"this equation [cannot be correct] because 
the partial differentiation would involve increments of the functions r(t) in the form 
r(t) + Ar(t) and we do not know how we must interpret this increment because we 
have two options: either Ar(t) = r(t) — r*(t), or Ar(t) = r(t) — r(t*). Both are different 
processes because the first one involves changes in the functional form of the functions 
r(t), while the second involves changes in the position along the path defined by r = r(t) 
but preserving the same functional form." Finally, they gave the correct form, in their 
opinion, of |3.1| . See in [4d]. 
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calculate the commutator of the whole derivative 0/0E and S/Spij^Jln the general 
case one has 

Sf(p,E(p)) _ 3f(p,E(p)) , 9f(p,E(p)) 3E 



3pt 3pt 3E 3pt ' 

Applying this rule, we surprisingly find 

r ^ cL ,-, „ S 3f 3 , 9f 3f 3E , 

^ ]-f(P,E(p)) = g-- - _(_ + __) 

3 2 f 3 2 f 3E 3 2 f 3 2 f 3E 3f 3 , 3E 



(3.2) 



3E3 Pi 3E 2 9 Pi 3 Pi 3E 3E 2 3 Pi 9E9E l 9 Pi 



(3.3) 



So, if E = ± yj m 2 + p 2 and one uses the gener ally -accepted representation form 
of 3E/3pt = p l /E, one has that the expression (3.3 1 appears to be equal to 



(Pi/E 



2 ,9f(p,E(p)) 



3E 



Within the choice of the normalization the coefficient is the longitudinal electric 
field in the helicity basis (the electric / magnetic fields can be derived from the 
4-potentials which have been presented in [8])j^]On the other hand, the commu- 
tator 

]_f(p,E(p)) = ^ — 9E [pt.Pj]-. (3.11) 



^Pi ' 0pj ' 



3 In order to make distinction between differentiating the explicit function and that which 
contains both explicit and implicit dependencies, the 'whole partial derivative' may be 
denoted as 9 . 

4 They are written in the following way: 

IT. ,11 1 (ft PxPz-iP«P PyPz + iPxP /„! i „2\ „ ... 

I \ 11 1 e ~ l4, (ft -P*Pz-iPvP -PtjPz + iPxP , /T2 , T1 2\ ,„ c . 

e.( P ,A = -1) = — — (0, Vpi+pi , Vp , +p , ,+x/Px+P.j , (3.5) 

e Mp,A = 0) = l(p,-| P x,-|p,,-|p,) , (3.6) 
e^(p,A = t ) = — (£,-Vx,-Vv,-Vz) ■ (3.7) 



And, 



E( P> A = +1)=-^^p-^p, B (p,A = +l) = -^p+ip, (3.8) 
V2ppi V2pi V2pi V2pi 

E(p, A = -1) = +^^P - -^P*> B(p, A = -1) = --^p - -if, (3.9) 

V2pp T V2p r V2p r V2p T 

E(p,A = 0) = ^p, B(p,A = 0) = 0, (3.10) 

with p = — p x . It is easy seen that the parity properties of these vectors are dif- 
V-i-P/ 

ferent comparing with the standard basis. The parity operator for polarization vectors 
coincides with the metric tensor of the Minkowski 4-space. 
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This may be considered to be zero unless we would trust to the genius Feynman. 
He postulated that the velocity (or, of course, the 3-momentum) commutator is 
equal to [ P i,Pj] - ifteijkB k , i.e., to the magnetic field. 

Furthermore, since the energy derivative corresponds to the operator of time 
and the i-component momentum derivative, to 5ct, we put forward the following 
anzatz in the momentum representation: 

[^,« v ]_ = to(p,E(p))Fff v A, (3.12) 

with some weight function cu being different for different choices of the antisym- 
metric tensor spin basis. In the modern literature, the idea of the broken Lorentz 
invariance by this method is widely discussed, see e.g. |9J. 

Let us turn now to the application of the presented ideas to the Dirac case. Re- 
cently, we analized Sakurai-van der Waerden method of derivations of the Dirac 
(and higher-spins too) equation [10]. We can start from 

(EI (2) - a ■ p)(EI (2) + a ■ p)W {2) = m 2 ¥ (2) , (3.13) 

or 

(EI (4) + a • p + m|3)(EI (4) a • p mP)V (4) = 0. (3.14) 
Of course, as in the original Dirac work, we have 

P 2 = 1, a l p + pa l = 0, a i a>' + a'a l =26 ij . (3.15) 

For instance, their explicite forms can be chosen 

« l =(o-°«0' HIV). 

where cr 1 are the ordinary Pauli 2x2 matrices. 
We also postulate the non-commutativity 

[F )P l ]_ =e 0i = e\, (3.17) 

as usual. Therefore the equation ( 3.14} will not lead to the well-known equation 
E 2 — p 2 = m 2 . Instead, we have 

{E 2 -E(a-p) + (a-p)E-p 2 -m 2 -icrx I (2) [p x p]}¥ (4) =0 (3.18) 

For the sake of simplicity, we may assume the last term to be zero. Thus we come 
to 

{E 2 -p 2 -m 2 -(a-e)}¥ (4) =0. (3.19) 
However, let us make the unitary transformation. It is known [11] that one carj^] 

LMcr-ajUf 1 = <j 3 |a|. (3.20) 



5 Of course, the certain relations for the components a should be assumed. Moreover, in 
our case 9 should not depend on E and p. Otherwise, we must take the noncommuta- 
tivity [E,p l ]_ again. 
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For a matrices we re-write 1 3.20) to 



U! (a -8)11; 



r 













-1 
1/ 



a 3 |8|. 



applying the second unitary transformation: 



U 2 a 3 l4 



/I 0^ 




/I 0^ 




/I 




1 




1 




1 





10 


1X3 


00 10 




0-1 





\0 1 0^ 




^0 1 0^ 




{oo 


-V 



The final equation is 



[E 2 -p 2 -m 2 - Y ^ irQl |8|W 



(4) 



0. 



(3.21) 



(3.22) 



(3.23) 



In the physical sense this implies the mass splitting for a Dirac particle over the 
non-commutative space. This procedure may be attractive for explanation of the 
mass creation and the mass splitting for fermions. 

The presented ideas permit us to provide some foundations for non-commu- 
tative field theories and induce us to look for further applications of the functions 
with explicit and implicit dependencies in physics and mathematics. Perhaps, all 
this staff is related to the fundamental length concept |12 9|. Let see. 
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Abstract. Particle physics candidates for cosmological dark matter are usually considered 
as neutral and weakly interacting. However stable charged leptons and quarks can also ex- 
ist and, hidden in elusive atoms, play the role of dark matter. Stable particles with charge -2 
bind with primordial helium in O-helium "atoms" (OHe), representing a specific Warmer 
than Cold nuclear-interacting form of dark matter. O-helium can influence primordial nu- 
cleosynthesis, giving rise, in particular, to primordial heavy elements. Its excitation in col- 
lisions in galactic bulge can lead to enhancement of positron annihilation line, observed 
by Integral. Slowed down in the terrestrial matter by elastic collisions, OHe is elusive for 
direct methods of underground Dark matter detection like those used in CDMS experi- 
ment, but its rare inelastic reactions with nuclei can lead to annual variations of energy 
release in the interval of energy 2-6 keV in DAMA/Nal and DAM A/ Libra experiments, 
being consistent with the number of events registered in these experiments. 

4.1 Introduction 

The widely shared belief is that the dark matter, corresponding to 25% of the total 
cosmological density is nonbaryonic and consists of new stable particles. One can 
formulate the set of conditions under which new particles can be considered as 
candidates to dark matter (see e.g. [1 2 3] for review and reference): they should 
be stable, saturate the measured dark matter density and decouple from plasma 
and radiation at least before the beginning of matter dominated stage. The easiest 
way to satisfy these conditions is to involve neutral weakly interacting particles. 
However it is not the only particle physics solution for the dark matter prob- 
lem. In the composite dark matter scenarios new stable particles can have electric 
charge, but escape experimental discovery because they are hidden in atom-like 
states maintaining dark matter of the modern Universe. 

Elementary particle frames for heavy stable charged particles include: (a) 
A heavy quark of fourth generation [4 5 6] accompanied by heavy neutrino 0; 
which can avoid experimental constraints |8 9| and form composite dark mat- 
ter species; (b) A Glashow's "sinister" heavy tera-quark U and tera-electron E, 
forming a tower of tera-hadronic and tera-atomic bound states with "tera-helium 
atoms" (UUUEE) considered as dominant dark matter llOlllf . (c) AC -leptons, 
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predicted in the extension [12] of standard model, based on the approach of 
almost-commutative geometry |13J, can form evanescent AC-atoms, playing the 
role of dark matter [6 12 14J. (d) An elegant composite dark matter solution [15 1 is 
possible in the framework of walking technicolor models (WTC) Ifl6l . (e) Finally, 
stable charged clusters U5U5U5 of (anti)quarks U5 of 5th family can follow from 
the approach, unifying spins and charges [17J. 

In all these models (see review in [3 6 18 1), the predicted stable charged par- 
ticles form neutral atom-like states, composing the dark matter of the modern 
Universe. It offers new solutions for the physical nature of the cosmological dark 
matter. The main problem for these solutions is to suppress the abundance of pos- 
itively charged species bound with ordinary electrons, which behave as anoma- 
lous isotopes of hydrogen or helium. This problem is unresolvable, if the model 
predicts stable particles with charge -1, as it is the case for tera-electrons 1101111 . 
To avoid anomalous isotopes overproduction, stable particles with charge —1 
should be absent, so that stable negatively charged particles should have charge 
—2 only. 

In the asymmetric case, corresponding to excess of -2 charge species, X , as 
it was assumed for (UUU) in the model of stable U-quark of a 4th generation, 
as well as can take place for (U5U5U5) in the approach W7\ their positively 
charged partners effectively annihilate in the early Universe. Such an asymmet- 
ric case was realized in [15| in the framework of WTC, where it was possible to 
find a relationship between the excess of negatively charged anti-techni-baryons 
(UU) and/or technileptons C and the baryon asymmetry of the Universe. 

After it is formed in the Standard Big Bang Nucleosynthesis (SBBN), 4 He 
screens the X charged particles in composite ( 4 He ++ X ) O-helium "atoms" 
[4J. For different models of X these "atoms" are also called ANO-helium II5I6I , 
Ole-helium l6ll4l or techni-O-helium EH- We'll call them all O-helium (OHe) in 
our further discussion, which follows the guidelines of [19|. 

In all these forms of O-helium X behave either as leptons or as specific 
"heavy quark clusters" with strongly suppressed hadronic interaction. There- 
fore O-helium interaction with matter is determined by nuclear interaction of 
He. These neutral primordial nuclear interacting objects contribute to the modern 
dark matter density and play the role of a nontrivial form of strongly interacting 
dark matter [20 21 j. The active influence of this type of dark matter on nuclear 
transformations seems to be incompatible with the expected dark matter prop- 
erties. However, it turns out that the considered scenario is not easily ruled out 
B4I14I15I18 1 and challenges the experimental search for various forms of O-helium 
and its charged constituents. O-helium scenario might provide explanation for 
the observed excess of positron annihilation line in the galactic bulge. Here we 
briefly review the main features of O-helium dark matter and concentrate on 
its effects in underground detectors. We refine the earlier arguments 1119122 1 that 
the positive results of dark matter searches in DAMA/Nal (see for review |23J) 
and DAMA/ LIBRA If24ll experiments can be explained by O-helium, resolving 
the controversy between these results and negative results of other experimental 
groups. 
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The essential difference between O-helium and WIMP-like dark matter is 
that cosmic O-helium is slowed down in elestic scattering with matter nuclei and 
can not cause effects of recoil nuclei above the threshold of underground detec- 
tors. However, strongly suppressed inelastic interaction of O-helium, in which it 
is disrupted, He is emitted and X is captured by a nucleus, changes the charge 
of nucleus by 2 units. We argue that effects of immediate ionization and rear- 
rangement of electron shells is suppressed and that the ionization signal in the 
range 2-6 keV can come in Nal detector with sufficient delay after the OHe reac- 
tion, making this signal distinguishable from much larger rapid energy release in 
this reaction 

4.2 O-helium Universe 

Following [4 5 6 15 19J consider charge asymmetric case, when excess of X pro- 
vides effective suppression of positively charged species. 

In the period 100s < t < 300s at lOOkeV > T > T D = I D /27 w 60keV, 4 He 
has already been formed in the SBBN and virtually all free X are trapped by 
4 He in O-helium "atoms" ( 4 He ++ X ). Here the O-helium ionization potential 

i£] 

I = ZlZ^ e a 2 m He /2 w 1.6MeV, (4.1) 

where a is the fine structure constant,ZHe = 2 and Z x = 2 stands for the absolute 
value of electric charge of X . The size of these "atoms" is II4I14I 

R - l/(Z x Z H eCcm H e) ~2- 10~ 13 cm (4.2) 

Here and further, if not specified otherwise, we use the system of units h — c = 
k=1. 

O-helium, being an oc-particle with screened electric charge, can catalyze nu- 
clear transformations, which can influence primordial light element abundance 
and cause primordial heavy element formation. These effects need a special de- 
tailed and complicated study. The arguments of [4 14 15] indicate that this model 
does not lead to immediate contradictions with the observational data. 

Due to nuclear interactions of its helium constituent with nuclei in the cos- 
mic plasma, the O-helium gas is in thermal equilibrium with plasma and radia- 
tion on the Radiation Dominance (RD) stage, while the energy and momentum 
transfer from plasma is effective. The radiation pressure acting on the plasma is 
then transferred to density fluctuations of the O-helium gas and transforms them 
in acoustic waves at scales up to the size of the horizon. 

2/3 

At temperature T < T 0£ i w 200S 3 eV the energy and momentum transfer 
from baryons to O-helium is not effective II4I15I because 

n B (ov) (m p /m )t < 1, 

1 The account for charge distribution in He nucleus leads to smaller value I £s 1 .3 MeV 
|25l 
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where m is the mass of the OHe atom and S3 = m /(1 TeV). Here 

a « ct - 7tR 2 S3 1 Cr 25 cm 2 , (4.3) 

and v = y 7 2T/ m p is the baryon thermal velocity. Then O-helium gas decouples 
from plasma. It starts to dominate in the Universe after t ~ 10 12 s at T < Trm ~ 
1 eV and O-helium "atoms" play the main dynamical role in the development of 
gravitational instability triggering the large scale structure formation. The com- 
posite nature of O-helium determines the specifics of the corresponding dark 
matter scenario. 

At T > Trm the total mass of the OHe gas with density p d = (T R M/T)p t ot is 
equal to 

4tt 3 4ttTr M ,mpi 2 
M= yPd t = yT mn( T ) 

within the cosmological horizon lh = t. In the period of decoupling T = T d/ this 
mass depends strongly on the O-helium mass S3 and is given by llT5l 

M od = ^ mpi (^) 2 « 2 • 10 44 S 3 - 2 g = 1O 11 S 3 - 2 M , (4.4) 

'od 'od 

where M Q is the solar mass. O-helium is formed only at T D and its total mass 
within the cosmological horizon in the period of its creation is 

M = M od (T od /T ) 3 = 10 37 g. 

On the RD stage before decoupling, the Jeans length Aj of the OHe gas was 
restricted from below by the propagation of sound waves in plasma with a rela- 
tivistic equation of state p = e/3, being of the order of the cosmological horizon 
and equal to Aj = l^/y/S — t/y/3. After decoupling at T = T od , it falls down to 
Aj ~ v D t, where v Q = y/TT^Jm^. Though after decoupling the Jeans mass in the 
OHe gas correspondingly falls down 

Mj-v o M od ^3-10- 14 M od , 

one should expect a strong suppression of fluctuations on scales M < M D , as well 
as adiabatic damping of sound waves in the RD plasma for scales M Q < M < 
M od . It can provide some suppression of small scale structure in the considered 
model for all reasonable masses of O-helium. The significance of this suppres- 
sion and its effect on the structure formation needs a special study in detailed 
numerical simulations. In any case, it can not be as strong as the free streaming 
suppression in ordinary Warm Dark Matter (WDM) scenarios, but one can expect 
that qualitatively we deal with Warmer Than Cold Dark Matter model. 

Being decoupled from baryonic matter, the OHe gas does not follow the for- 
mation of baryonic astrophysical objects (stars, planets, molecular clouds...) and 
forms dark matter halos of galaxies. It can be easily seen that O-helium gas is 
collisionless for its number density, saturating galactic dark matter. Taking the 
average density of baryonic matter one can also find that the Galaxy as a whole 
is transparent for O-helium in spite of its nuclear interaction. Only individual 
baryonic objects like stars and planets are opaque for it. 
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4.3 Signatures of O-helium dark matter 

The composite nature of O-helium dark matter results in a number of observable 
effects. 

4.3.1 Anomalous component of cosmic rays 

O-helium atoms can be destroyed in astrophysical processes, giving rise to accel- 
eration of free X in the Galaxy. 

O-helium can be ionized due to nuclear interaction with cosmic rays ||4|19| . 
Estimations [4 26] show that for the number density of cosmic rays 

n-cR = 10~ 9 cm~ 3 

during the age of Galaxy a fraction of about 10~ 6 of total amount of OHe is 
disrupted irreversibly, since the inverse effect of recombination of free X is 
negligible. Near the Solar system it leads to concentration of free X ux = 
3 • 10~ 10 $3 1 cm -3 . After OHe destruction free X have momentum of order 

p x = V2 • Mx • I = 2GeVS 3 /2 and velocity v/c = 2- 10- 3 SJ 1/2 and due to effect 
of Solar modulation these particles initially can hardly reach Earth [22 26 j. Their 
acceleration by Fermi mechanism or by the collective acceleration forms power 
spectrum of X component at the level of X/p ~ nx/n g = 3 • 10~ 10 S3 , where 
rig ~~ 1 cm~ 3 is the density of baryonic matter gas. 

At the stage of red supergiant stars have the size ~ 10 15 cm and during the 
period of this stage~ 310 15 s,upto~ 10 _9 S 3 _1 of O-helium atoms per nucleon can 
be captured |22 26 1. In the Supernova explosion these OHe atoms are disrupted 
in collisions with particles in the front of shock wave and acceleration of free X 
by regular mechanism gives the corresponding fraction in cosmic rays. 

If these mechanisms of X acceleration are effective, the anomalous low 
Z/A component of —2 charged X can be present in cosmic rays at the level 
X/p - n x /n g - lO^Sj 1 , and be within the reach for PAMELA and AMS02 
cosmic ray experiments. 

4.3.2 Positron annihilation and gamma lines in galactic bulge 

Inelastic interaction of O-helium with the matter in the interstellar space and its 
de-excitation can give rise to radiation in the range from few keV to few MeV. 
In the galactic bulge with radius r^, - 1 kpc the number density of O-helium can 
reach the value n « 3 • 10~ 3 /S3 cm~ 3 and the collision rate of O-helium in this 
central region was estimated in [19]: dN/dt = n 2 crv H 47tr 3 /3 « 3 • 10 42 S^ 2 s" 1 . At 
the velocity of vh ~ 3 ■ 1 7 cm / s energy transfer in such collisions is AE ~ 1 MeVS3 . 
These collisions can lead to excitation of O-helium. If 2S level is excited, pair pro- 
duction dominates over two-photon channel in the de-excitation by EO transition 
and positron production with the rate 3 1 42 S7 2 s _1 is not accompanied by strong 
gamma signal. According to |27| this rate of positron production for S3 ~ 1 is suf- 
ficient to explain the excess in positron annihilation line from bulge, measured 
by INTEGRAL (see [28] for review and references). If OHe levels with nonzero 
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orbital momentum are excited, gamma lines should be observed from transitions 
(n > ra) E nm = 1 .598MeV(1/m 2 — 1/n 2 ) (or from the similar transitions corre- 
sponding to the case I = 1 .287 MeV) at the level 3 • 1 0~ 4 Sj 2 ( cm 2 s MeVster)- 1 . 



4.3.3 OHe in the terrestrial matter 

The evident consequence of the O-helium dark matter is its inevitable presence 
in the terrestrial matter, which appears opaque to O-helium and stores all its in- 
falling flux. 

After they fall down terrestrial surface the in-falling OHe particles are effec- 
tively slowed down due to elastic collisions with matter. Then they drift, sinking 
down towards the center of the Earth with velocity |[T5ll 



V= — » 80S 3 A 1/2 cm/s. (4.5) 



ncrv 



Here A - 30 is the average atomic weight in terrestrial surface matter, n = 2.4 • 
1 24 /A is the number of terrestrial atomic nuclei, cr is the cross section Eq.|4.3 i of 



elastic collisions of OHe with nuclei, v = -\/3T/Am.p is thermal velocity of nuclei 
in terrestrial matter and g = 980 cm/s 2 . Due to strong suppression of inelastic 
processes (see below) they can not affect significantly the incoming flux of cosmic 
O-helium in terrestrial matter. 

Near the Earth's surface, the O-helium abundance is determined by the equi- 
librium between the in-falling and down-drifting fluxes. 

The in-falling O-helium flux from dark matter halo is taken as in work |15] 
with correction on the speed of Earth 

87T 

where Vh-speed of Solar System (220 km/s), V E -speed of Earth (29.5 km/s) and 
no = 3 • 10~ 4 S3 1 cm -3 is the local density of O-helium dark matter. Due to ther- 
malization of O-helium in terrestrial matter the velocity distribution of cosmic 
O-helium is not essential (though we plan to study this question in the successive 
work). 

At a depth L below the Earth's surface, the drift timescale is tdr ~ L/V, where 
V ~ 4OOS3 cm/s is given by Eq. | |4.5| . It means that the change of the incoming 
flux, caused by the motion of the Earth along its orbit, should lead at the depth 
L — 1 5 cm to the corresponding change in the equilibrium underground concen- 
tration of OHe on the timescale t dr ~ 2.5 • 1 2 S 3 ^ 1 s. 

The equilibrium concentration, which is established in the matter of under- 
ground detectors at this timescale, is given in the form similar to | l5j by 

where, with account for Vh > Ve, relative velocity can be expressed as 



|V | = t/(V h + V E ) 2 = A /V 2 + V 2 + V h V E sin(9) 
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~ Vh \l ] + st sin{e] Vh(1 + i^ sin(0)) - 

Here = cu(t — to) with w — 2n/T, T = lur and to is the phase. Then the 
concentration takes the form 

ti„e = + n< 2 E > • sin(tu(t - t )) (4.7) 

So, there are two parts of the signal: constant and annual modulation, as it is 
expected in the strategy of dark matter search in DAMA experiment |24|. 

Such neutral ( 4 He ++ X ) "atoms" may provide a catalysis of cold nuclear 
reactions in ordinary matter (much more effectively than muon catalysis). This 
effect needs a special and thorough investigation. On the other hand, X capture 
by nuclei, heavier than helium, can lead to production of anomalous isotopes, 
but the arguments, presented in 1141141151 indicate that their abundance should be 
below the experimental upper limits. 

It should be noted that the nuclear cross section of the O-helium interaction 
with matter escapes the severe constraints 12T1 on strongly interacting dark mat- 
ter particles (SIMPs) |20 21 1 imposed by the XQC experiment |29|. Therefore, a 
special strategy of direct O-helium search is needed, as it was proposed in 1 30 1 . 



4.4 OHe in underground detectors 
4.4.1 OHe reactions with nuclei 

In underground detectors, OHe "atoms" are slowed down to thermal energies 
and give rise to energy transfer ~ 2.5 ■ 10~ 4 eVA/S3, far below the threshold for 
direct dark matter detection. It makes this form of dark matter insensitive to the 
severe CDMS constraints Il3l1 . However, OHe induced nuclear transformations 
can result in observable effects. 

One can expect two kinds of inelastic processes in the matter with nuclei 
(A, Z), having atomic number A and charge Z 

(A,Z) + (HeX) -» (A + 4,Z + 2)+X— , (4.8) 

and 

[A,Z) + (HeX)-»[(A,Z)X— ]+He. (4.9) 

The first reaction is possible, if the masses of the initial and final nuclei satisfy 
the energy condition 

M(A,Z) + M(4,2)-I >M(A + 4,Z + 2), (4.10) 

where I = 1 .6MeV is the binding energy of O-helium and M(4, 2) is the mass 
of the 4 He nucleus. It is more effective for lighter nuclei, while for heavier nuclei 



the condition 14.10 1 is not valid and reaction 1 4.9 1 should take place. 

In the both types of processes energy release is of the order of MeV, which 
seems to have nothing to do with the signals in the DAMA experiment. However, 
in the reaction ||4.9[ such energy is rapidly carried away by He nucleus, while 
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in the remaining compound state of [(A, Z)X ] the charge of the initial (A,Z) 
nucleus is reduced by 2 units and the corresponding transformation of electronic 
orbits should take place, leading to ionization signal. It was proposed in II19I22I 
that this signal comes with sufficient delay > 10~ 7 s after emission of He and is 
in the range 2-6 keV. We present below some refining arguments for this idea. 

4.4.2 Mechanisms of ionization from OHe reactions with nuclei 

Owing to its atom-like nature, O-helium is polarized in nuclear Coulomb field. 
Since the OHe components have opposite electric charge, X is attracted by the 
nucleus, while He ++ is repelled. If the energy, release due to capture of X by 
nucleus, exceeds the binding energy, the OHe system is disrupted and there are 
two options for the liberated He. 

1. It can tunnel through the Coulomb potential barrier and bind in the nu- 
cleus together with X. 

2. It is emitted from the atom. 

^From the calculations of Appendix 1 one can conclude that the first possibil- 
ity is suppressed and the most probable is the second option, when He is pushed 
out from the atom. 

One should remark, that the probability of tunneling grows with the decrease 
of the charge of nucleus Z (see Fig. |4.1| . 




10 20 30 4 50 60 70 B0 90 
Z 



Fig. 4.1. The probability for He to tunnel through the Coulomb potential barrier. 
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So for the lightest nuclei this probability is not negligible and for Li it is on the 
level of few percents and for Be only one order of magnitude smaller. It can pro- 
vide a mechanism of anomalous isotope production, which challenges the search 
for such isotopes (e.g. for lithium Li.3 1+Mx ). 

Turning to the second case of emission of free He, let's estimate the distance 
to the "break point", at which the potential energy U(r) of Coulomb interaction 
with nucleus (with the account for screening by electron shells) becomes com- 
parable with the binding energy Io of OHe, which can be determined from the 
condition 

U(r) = \. 



This distance for various atoms is represented on Fig. 4.2 in comparison with 
the radius of K-electron orbit of the atom. 




Fig. 4.2. Comparision of the distance between break point of OHe and nucleus with its size 
and with K-electron orbit of the atom. 



In particular for the iodine, this distance is of the order of 

Tb = 2ZiZ2a = 15 . 10 -n cm) (4 n) 

to 

In most of the atoms it is situated somewhere between electron shells. How- 
ever, as it has been shown on the figure, for light nuclei the break point is between 
the nucleus and K-electron orbit. It can lead to ionization of K-electron due to a 
perturbation of radial nuclear Coulomb field and appearance of a dipole compo- 
nent. 

After breaking of the bound state, the both particles become free. Since rt, <C 
r at , where r at is the size of atom, X reaches the nucleus much quicker, than He 
leaves the atom. Therefore the first ionization of atom can happen due to the 
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dipole perturbation of nuclear Coulomb field while He is present in the atom. 
However, as it is shown in the Appendix 2, this effect is negligible. 

Immediate ionization is also possible due to the recoil momentum of the nu- 
cleus. It causes drastic displacement of the center of Coulomb field, what one 
can consider as a perturbation, which affects first of all on the K-electron. The 
probability of ionization for K-electron and electron from the last outer shell is 
estimated in Appendix 3. This estimation shows that even the outer electron can 
be emitted only in 1% cases. The probability of ionization of electrons from other 
levels is negligible. Therefore the contribution from this mechanism is not essen- 
tial. Similar conclusion for the case of a WIMP-nucleus collision was obtained in 
a detailed analysis of ll32l 

Then the X particle enters the nucleus and the electrons begin to feel the 
change of the Coulomb field. The nuclear charge decreases by two units when 
the Iodine (I^ 7 ) nucleus converts into anomalous Antimony (Sb^ 7+X ), where x 
is the mass of X in atomic mass units. Due to change of the binding energy, elec- 
tron transitions with ionization and gamma ray emission take place. The above 
arguments show that immediate ionization, which would be inevitably masked 
by the large energy release from emitted He, is suppressed. The structure of elec- 
tronic shells can changes in a long succession of atomic collisions, which can con- 
tinue on scale up to 10~ 3 s. The following transitions (look at Fig. |4.3) will give 
rise to the signal in the range 2-6 keV. It refines the earlier arguments [1 9I22L 
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Fig. 4.3. Energy levels of electron shells in Antimony and Iodine. 



4.4.3 Ionization signal from OHe interaction in underground detectors 



To calculate the cross section of the inelastic reaction 1 4.9 i of X capture by nu- 
cleus let's determine the radius Rd, at which the field energy and the binding 
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energy of OHe are equal: 

Z x • oc R D 



= Io. 



Here the radius of OHe R is given by Eq.|4.2l, its binding energy by Eq.< j4.1} , 
Znuc ■ charge of initial nuclei (for example, for Iodine Z nuc = 51) and Z x = 
Zne = 2 is the absolute value of charge of OHe components. 
Then 

d " Z 2 Z 2 ( ' 

^X^He a "'•He 

For rough estimation of the cross section we'll assume that the inelastic pro- 
cess is determined by exchange of X in t-channel. It gives a factor (-^) 2 in the 



probability of the process 1 4. 9 1, where AE = I z — I and I z > I Q is the binding 



energy of X in the nucleus. Then the cross section has the form 



AE , 

cr to tai = cr d - ) 2 , (4.13) 



where Ud = ttR 2 



The relative probability for ionization signal in the range 2-6 keV, taking 
place with delay > 2 • 10~ 7 s after emission of He is taken into account by fac- 
tor f . The actual value of this factor is the subject of our further detailed analysis. 
Here we assume that it's value is 0.01 < f < 0.1 . 

Concentration of OHe in the matter of detector is given by ( |4.7) and velocity 

of particles in thermal equilibrium inside detector is V nuc = J T| ^ kT . For Iodine 

it equals V/c = 2.4 • lO" 5 and for OHe V/c = 8.6 • lO" 6 • S3 1/2 . 
So, the count rate in DAMA detector is 

N C r = + Ng{ • sin(a>(t- to)] (4.14) 



M ' 



^CR — f n oE ' I^OHe — V nuc | • CTtotal 



where i = 1 , 2. Then total amount of events during the time t 3> 2n/w is deter- 
mined by the constant part of the signal and is given by 



Ntot = fn^ • - V^| • a total ■ t ~, (4.15) 



where Na - Avogadro's number, 
M - molar Iodine mass. 

The part of dependence for the number of events per gramm per year on the 
mass of X with the amount of the events that corresponds to the observed amount 



of events 1.46 ±3cr [24J is given on Fig. 4.4 (for factor f = 0.1 and f = 0.01). 



Thus, at 0.01 < f < 0.1 X particles with masses of about 1-2 TeV can explain 
the signal in DAMA experiment. 

The Thallium concentration in Nal(Tl) detector is only 0.1 % from Iodine 
concentration [33J, so the amount of events induced by OHe reaction with this 



4 Composite Dark Matter 35 




Fig. 4.4. Dependence for number of events per gramm of Iodine per year of work from the 
dark matter particle mass (for f = 0.1 and 0.01 ). 



element will be by 1000 times less. Therefore one can neglect the effects of such 
reaction with Thallium in the explanation of results from DAMA/Nal detector. 



4.4.4 No signal in other detectors 

The absence of the same result in other experiments (such as CDMS [31 J) can 
follow from the difference in their strategy. 

For example in CDMS the working matter of detector is cooled down to the 



extralow temperature that leads to the suppression of the number of events 14.15 1 
by two orders of magnitude. It was also shown in |22| that nuclear recoil from 
reactions | |4.9} in CDMS is below the threshold of registration while the effects 
of ionization, not accompanied by bolometric recoil are not considered as events 



Moreover this experiment is using semiconductor detectors. In these condi- 
tions the nuclei of atom are surely fixed in the knot of crystal lattice and electrons 
feel changing of the Coulomb potential very slow. So the probability of ionization 
has additional factor of suppression. 



4.5 Conclusions 



To conclude, the results of dark matter search in experiments DAMA/Nal and 
DAMA/ LIBRA can find explanation in the framework of composite dark matter 
scenario without contradiction with negative results of other groups. This sce- 
nario can be realized in different frameworks, in particular in Minimal Walking 
Technicolor model or in the approach unifying spin and charges and contains dis- 
tinct features, by which the present explanation can be distinguished from other 
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recent approaches to this problem |35| (see also review and more references in 

El). 

The mechanisms of ionization induced by OHe reactions with nuclei were 
considered. It is argued that if in result of OHe interaction with matter of DAM A 
detector, the energy release in ionization comes in the range of 2-6 keV with suf- 
ficient delay, it can be distinguished from from immediate large energy release 
due to X capture by nucleus. Quantitative analysis of this explanation implies de- 
tailed study of a possibility for delayed transitions in atoms, perturbed by a rapid 
change of the charge of nucleus. An analogy with rearrangement of atomic shells 
after oc decay of nucleus might be helpful in this analysis. 

OHe concentration in matter of underground detectors follows the change 
in the incoming cosmic flux with the relaxation time of few minutes. It leads to 
annual modulations of the ionization signal from OHe reactions. 

The method to calculate the rate of OHe reactions was developed and the 
calculated total amount of such events can to be consistent with the results of 
DAMA/Nal and DAMA/ LIBRA experiments for the mass of OHe around 2 TeV. 
This method can be applied to the analysis of the whole set of inelastic processes, 
induced by O-helium in matter. 

An inevitable consequence of the proposed explanation is appearance in the 
matter of DAMA/Nal or DAMA /LIBRA detector anomalous superheavy iso- 
topes of antinomy (Sb with nuclear charge Z = 53 — 2 = 51) and 10 3 smaller 
amount of anomalous gold (Au with nuclear charge Z = 81 — 2 = 79), created 
in the inelastic process | |4.9) and having the mass roughly by m larger, than 
ordinary isotopes of these elements. If the atoms of these anomalous isotopes 
are not completely ionized, their mobility is determined by atomic cross sections 
and becomes about 9 orders of magnitude smaller, than for O-helium. It provides 
conservation in the matter of detector of at least 200 anomalous atoms per lg, 
corresponding to the number of events, observed in DAMA experiment. There- 
fore mass-spectroscopic analysis of this matter can provide additional test for the 
O-helium nature of DAMA signal. Similar mechanism can lead to presence of 
anomalous magnesium and zinc in the matter of CDMS detector. 

An interesting aspect of our results is the challenging possibility of creation 
of anomalous isotopes of light elements like anomalous lithium Li 3 1+Mx (from 
usual Li bound with OHe and from B bound with X), and of anomalous hydrogen 
H 7+ m x ( f rom lithium bound with X) . 
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The potential barrier of nucleus is presented on Fig. 4.5 where T a - kinetic en- 
ergy of a-particle inside OHe, r - characteristic distance of feeling the Coulomb 
barrier, R - radius of nuclei. 
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Fig. 4.5. Coulomb barrier of the nucleus. 



The height of this barrier is given by 

n ZiZ 2 a 

Dk - — — 

r Ai 

and equal to 20.9 MeV for Iodine. 

After the destruction of OHe, kinetic energy of helium equals to the binding 
energy of OHe state, which we take I = 1 .289MeV with the account for charge 
distribution in He |25|. Effect of nonzero velocity of OHe before destruction is 
only 0.1% and can be neglected. 

The probability of tunneling through the Coulomb barrier is given by the 
formula 



exp(- 



V2m(UM-T He )dr) (4.16) 



where a = ■ R. In case of potential U(r) ~ ~ the integral is equal to 



2a /2m /T He -r e T He ■ r e T He • r e 
w - exp( — — W — [arccosfW \ (1 ))]) 
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and the probability is 

w - exp(-40) < 1. 

Appendix 2 

Effect of instantaneous ionization of atomic K-electron after X is captured by 
nucleus in reaction | |4.9) is similar to the same effect during a-decay of a nucleus. 
Velocity of the a-particle is negligible as compared with the velocity of K-electron, 
however the time, that it spend to leave the nucleus, is negligible as compared 
with the period of electron orbit rotation. 

Perturbation that produces ionization in this case is the deviation of the com- 
bined nucleus and a-particle field from ordinary Coulomb field 1/r. In the result 
of this deviation appears dipole momentum. On the other hand, the perturbation 
is efficient only during the period, when a-particle is at small distances from the 
nucleus. 

The initial state of the system is ( A + M + m, Z) = ( Aq , Z), then the final state 
of the system is [(A + M, Z — q); (m, q)] = [(Ai , Z — q); (m, q)], where q and m are 
the charge and mass of He, Z and A are the charge and mass of nucleus and M is 
the mass of X. 

Dipole momentum equals to 

P^ qAl -l Z - q]m r , (4.17) 
Ao 



where fo = "^nuclear — T"« = Vt is the relative radius-vector of the nucleus 
and He and V* - relative velocity. 

Dipole component of the field is given by 

Here ~~i is the direction along the velocity V. 

This component causes a perturbation for the electron on the orbit. Accord- 
ing to perturbation theory the probability of the transition is determined by the 
matrix element of the transition from state to the state with momentum k. 



— \ 



Ok 



tKV^odq = P 



^(^Hodq (4.18) 



The equation of motion of the electron on the shell reads as 

Zz 

Then 

(E-E ) 2 



V, 



Ok 



^(z)^ dq = P z k 
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The probability for emission of electron from the shell to all the finite states 
is given by 

r V 0k e i(E °- E)t dt| 2 



dw 
dk 



A 



(4.19) 



With the use of a new multiplier e~ At , the integral is two taken times by 
parts. Then the integral from the imaginary exponent is taken and A — > 0. 
Thus 



dw 1 qAi- (Z- q)m 2 2 

-jt = -( J Izokl 

dk 7t A Z 

Since the mass of the X M 3> m the result is reduced to 



dw 
dk 



|Z0kl ■ 



(4.20) 



(4.21) 



7T A Z 

Here zok can be calculated if one takes into account that z = rcos(0). Then 



Izoicl = |tokl |cos(6) 



1 



Okl 



Irokl 2 , 



where |rokl 2 could be calculated owing to radial function R^o 



RkO — 



k! 



r e-*F(-k + 1,2,r) = 



k 2 y (k- 1)!' 
Function F could be found from the integral 



=e-*FHc + l,2,T) 



> C 



e- Az z" v F(a,Y,kz)dz, 



where one can find J as 



(4.22) 



JY + TL— 1 

> txy 



dA n 



In our case a = — k + 1; y — 2; kz = r. 

In the result the final answer reads as 



dw 



Ai 



-2Z + 4) 2 V 2 1 



, ZQTCtg(4) 



3A 2 Z6(1 



(4.23) 



(4.24) 



In the limit of M — > this result is transformed to the result, given in \37\. 

The probability distribution for K-electron ionization for Iodine and Natrium 
are presented correspondingly on Fig. |4.6[ ^a) and (b) in the assumption that He 
leaves the nucleus with the velocity equal to 1/137). 

The probabilities of K-electron emission from atoms of Iodine and Natrium 
are equal to 2 • 1 _1 and 1 .5 • 1 0~ 7 , respectively. Therefore the considered mech- 
anism of ionization is not effective. 
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Probability to leave atom by K-elecfron in alpha-decay 
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Fig. 4.6. (a): Probability of the leaving Iodine atom by K-electron in the studying process, 
(b): Probability of the leaving Natrium atom by K-electron in the studying process. 
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Appendix 3 

The probability of excitation and ionization of atom, when nucleus acquires recoil 
momentum and obtains velocity V. 

The expansion of final wave functions through the initial ones is in the form 
4> = Tj>e~ lq £ r ° , where q is momentum of the recoil nucleus and r Q is radius- 
vector of electrons. 

So probability of the transition is: 



w k0 



< k|e- iq £ r " |0 > | 2 = 1 - woo = 1 - I t|>V iq L T ° dV| 2 



(4.25) 



The integral can be taken analytically in the approximation qr n << 1 for the 
wave functions from hydrogen atom. 
Then 



w k0 = 1 



1 



:i+iq 2 r 2 ) 4! 



where a is a radius of the considered electron shell, 

m(V£) 2 _ t 

— In. 



e is the binding energy of the electron on shell n and 
V£ is its velocity. 

The radius of the electron shell is equal to 



(4.26) 



Then 



V2ml r 
h 



v / 2m.£ T 



m 

2e n 



(4.27) 
(4.28) 



The probability of ionization for K-electron and electron from the last outer 
shell are given in table. 
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Abstract. One step towards realistic Kaluza-Klein-like theories is presented for a toy model 
of a spinor in d = (1 + 5 ) compactified on an infinite disc with the zweibein which makes 
a disc curved on S 2 and with the spin connection field which allows on such a sphere 
only one massless spinor state of a particular charge, which couples the spinor chirally 
to the corresponding Kaluza-Klein gauge field. In refs. 1101121 we achieved masslessness 
of spinors with the appropriate choice of a boundary on a finite disc, in this paper the 
masslessness is achieved with the choice of a spin connection field on a curved infinite 
disc. 

5.1 Introduction 

Kaluza-Klein-like theories, which are extremely elegant in the unification of all 
the interactions, have difficulties with masslessness of spinors after the compact- 
ification of some of the dimensions. The Approach unifying spins and charges 
(proposed by one of us— S.N.M.B.) is a Kaluza-Klein-like theory H1I2I3I4I5I6I7I8I , 
which is besides unifying spins and charges into only the spin offering also the 
mechanism for generating families. This approach can be accepted as the theory 
showing a new way beyond the Standard model of the electroweak and colour 
interactions only after solving many open problems, among which is also the 
problem of the masslessness of spinors after the break of the starting symmetry 
in d = (1 + (d — 1 )), d > 14 up to the symmetry assumed by the Standard model 
before the break of the electroweak symmetry in d = (1 +3). 

Some of the open problems, common to all the Kaluza-Klein-like theories, 
are discussed in the paper of Witten [9] within the eleven-dimensional supergrav- 
ity in a transparent way, leaving a strong impression that there is no hope, that 
the Kaluza-Klein-like theories can ever lead to the "realistic" (observable) theory, 
since there is almost no hope for masslessness of quarks and leptons at the low 
energy level and no hope for the appearance of families. Many an open question 
of the Kaluza-Klein-like theories stays open also in other theories, like in theories 
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of membranes, which assume that the dimension of space is more than 1+3. The 
question of masslessness of spinors at low energies as well as the appearance of 
families is also in these theories a hard not yet solved problem. 

One of us is trying for long to develop the Approach unifying spins and 
charges so that spinors which carry in d > 4 nothing but two kinds of the spin 
(no charges), would manifest in d = (1 + 3) all the properties assumed by the 
Standard model. The Approach proposes in d = ( 1 + ( d — 1 ) ) a simple starting 
action for spinors with the two kinds of the spin generators: the Dirac one, which 
takes care of the spin and the charges, and the second one, anticommuting with 
the Dirac one, which generates families Q A spinor couples in d = 1 + 1 3 to only 
the vielbeins and (through two kinds of the spin generators to) the spin connec- 
tion fields. Appropriate breaks of the starting symmetry lead to the left handed 
quarks and leptons in d = (1 + 3), which carry the weak charge while the right 
handed ones are weak chargeless. The Approach might have the right answer to 
the questions about the origin of families of quarks and leptons, about the ex- 
plicit values of their masses and mixing matrices as well as about the masses of 
the scalar and the weak gauge fields, about the dark matter candidates, and about 
the break of the discrete symmetries^] 

In the refs. II10I12I1 we demonstrated that the appropriate boundary condition 
ensures that a Weyl spinor in d = (1 +5) stays massless after the break of the 
starting symmetry to the symmetry of the flat disc with the boundary and the ( 1 + 
3) space, carrying one charge only |^] and coupling chirally to the corresponding 
gauge fields. 

In this paper we study a similar toy model as in the refs. |10 12 1: a Weyl 
spinor in d = (1 +5), which breaks into M 1+3 and this time to an infinite disc, 
which the zweibein curves into S 2 , while the chosen spin connection field allows 
on S 2 only one massless state of only one charge, since for this spin the spin con- 
nection field and the zweibein cancel each other. Then the charge of the massless 
spinor couples it to the corresponding gauge field. In d = 2 the spin connection 
field and the zweibein (with no spinor sources) namely decouple from each other 
(there are not enough indices to make them coupled 11131141 ). 

We take (as we did in ref. II10I12I ) for the co variant momentum of a spinor 

P0a=f a aP0a, P0a4> = Pa - ^S cd W c d<x- (5.1) 

1 To understand the appearance of the two kinds of the spin generators we invite the 
reader to look at the refs. I6I15I16I . 

2 There are many possibilities in the Approach unifying spins and charges for breaking 
the starting symmetries to those of the Standard model. These problems were studied in 
some crude approximations in refs. I7I8I . It was also studied 1 11 1 how does the Majorana 
mass of spinors depend on the dimension of space-time if spinors carry only the spin 
and no charges. We have proven that only in even dimensional spaces of d = 2 modulo 
4 dimensions (i.e. in d = 2(2n + l),n = 0,1,2, •••) spinors (they are allowed to be in 
families) of one handedness and with no conserved charges gain no Majorana mass. 

3 Let us remind the reader that after the second quantization procedure the oppositely 
charged anti-particle appears anyhow. 
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A spinor carries in d > 4 nothing but a spin and interacts accordingly with only 
the gauge fields of the corresponding generators of the infinitesimal transforma- 
tions (of translations and the Lorentz transformations in the space of spinors), 
that is with vielbeins f a a [^]and spin connections cu Q b a (the gauge fields of S ab — 
i (y a y b — Y b y a ))- The corresponding Lagrange density for a Weyl spinor has the 
form £ w = \ [(^tyVpoa^) + [^ t By Y a Poa^) t ]/ leading to 

C w = ^y°y a lKVa + ^{p«,f£E}_ - ls cd cv cda )}^, (5.2) 

with E = det(e a a ), where 

t-Ucda = w cda, if c,d,a all different 

— i3mw C d a , otherwise. (5.3) 

Let us have no gravity in d = (1 + 3) (fm = &™ and w mrL ^ — for m, n = 
0, 1 , 2, 3, |X = 0, 1 , 2, 3) and let us make a choice of a zweibein on our disc (a two 
dimensional infinite plane with the rotational symmetry around the axes perpen- 
dicular to the plane) 



with 

f = 1 



P a 



2p 1 + cos -9 ' 
x 5 = pcos4>, x 6 = psin4>, E = f~ 2 . (5.5) 

The last relation follows from ds 2 = e scr e s T dx cr dx' T = f~ 2 (dp 2 + p 2 d4> 2 ). The 
zweibein curves the infinite disc on the S 2 sphere with the radius po- We make a 
choice of the spin connection field 

4Fx (r f-1 . Fsin£ . 

w sta = t£ s t 7- = -^st (cos4),srnc>), s = 5,6, a = (5 , (6), 

P Pf Po 

(5.6) 

which for the choice < 2F < 1 allows only one massless spinor of a particu- 



lar charge on S , as we shall see in sect. 5.2 In the particular case that 2F = 1 
the spin connection term — S 56 cu56a compensates the term y|rf{Po->Ef}_ for the 
left handed spinor with respect to d = 1 + 3, while for the spinor of the oppo- 
site handedness the spin connection term doubles the term j^j {p<r> Ef}_. 4> deter- 
mines the angle of rotations around the axis through the two poles of a sphere, 



4 f a a are inverted vielbeins to e a a with the properties e a a f a b = 5 a b , e a a f p a = &£. 
Latin indices a, b, .., m,u, .., s, t, .. denote a tangent space (a flat index), while Greek 
indices a, (3, .., [i,y, ..a, T.. denote an Einstein index (a curved index). Letters from the 
beginning of both the alphabets indicate a general index (a, b, c, .. and a, (3,y, .. ), from 
the middle of both the alphabets the observed dimensions 0, 1 , 2, 3 (m, n, . . and \i , y , . . ), 
indices from the bottom of the alphabets indicate the compactified dimensions (s,t, .. 
and ff, t, ..). We assume the signature n ab = diag{1,— 1, ,—1}. 
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while p = 2p 
see in sect. 



1 —cos 

1 +COS 



f , where tan f 



~ 2p c 



, as can be read on Fig. 



5.1 



We shall 



5.2 that in the presence of the spin connection field from Eq.||5.6[ the 



covariant derivative g^j, becomes -A; — 2iF(l — cosi 




Such a choice of vielbeins and spin connection fields manifests the isome- 
try, which leaves the form of the fields on S 2 unchanged. The infinitesimal co- 
ordinate transformations manifesting this symmetry are: x ^ — x^, x a = x" + 
4>a K Acr , with c()a the parameter of rotations around the axis which goes through 
both poles and with the infinitesimal generators of rotations around this axis 

M (5)(6)( = x (5) p (6) _ x (6)p(5] +S (5)(6)) 

K Aa = K (56)a = _ iM (5)(6) x c7 = (57) 

with e CT T = -1 = -e T CT , e (5|(61 = 1. The operators K£ = f- 2 £ CTT x T fulfil the 
Killing relation 

(with r a ' CTT = -\ g pCT '(g Tp ,cr + gcr P ,T - 9aT, P ))- 

The equations of motion for spinors (the Weyl equations) which follow from 
the Lagrange density (Eq |5.2[ | are then 

{Ey°T m Pm + EfyVS^poe. + ^{PcEf}-)}^ = 0, with 

Pocr = Po- - ^S st a) st(T , (5.8) 



with f from Eq.|5.5 1 and with cu s tcr from Eq.|5.6 1. Taking into account that 

Y a PoaY b Pob = VoaVo a - iS ab S cd TZ abcd + S ab TP Qb pop 
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we find for the Riemann tensor and the torsion 



'b] 

rP ab =fr Q (fP), a + a) |Q c b] f c P. (5.9) 



[a b] means the antisymmetrization over the two indices a and b. From Eq.( |5.9) 
we read that to the torsion on S 2 both, the zweibein f£ and the spin connection 
uJsta/ contribute. While we have on S 2 for TZai — f 2 t1ctt^t and correspondingly 
for the curvature 1Z — , we find for the torsion T s ts > — T^f^, with T 5 SS = 
= T 6 SS , s = 5,6, T 5 65 = -T 5 56 = -(f 6 + ^dix 5 ), T 6 56 = -T 6 65 = 

-f 5 + 4iT{f 2 ^ ] x 6 . The torsion T 2 = T s ts ,T s ts ' is for our particular choice of 
the zweibein and spin connection fields from Eq |5.2| correspondingly equal to 
— ,pj\ 4 (1 — (2F) 2 ) (which is for the choice 2F = 1 equal to zero.). 

We assume that the action for the gravitational field (which could hope- 
fully give the desired solutions of equations of motion for the zweibein and the 
spin connection field in the presence of many spinor sources and what we have 
tried to find but with no success up to now) is linear in the Riemann scalar 
Ti = ^abcdTl ac n bd and is in the lowest order with r espe ct to the torsion ((37~ = 



|3aT% c T Q bc + |3 b T% c TV + PcT Q QC TV) of Eq^ 
5 = 



d tt x(Ea^ + E|3T z +C W ). (5.10) 



The fermion part Cw is presented in Eq.| |5.2| (and must include when searching 
for the desired spin connection and zweibein many spinors). 



5.2 Equations of motion for spinors and the solutions 

The equations of motion | |5.8| for a spinor in (1 + 5) -dimensional space, which 
breaks into M (1+3) xS 2 , let the spinor "feel" the zweibein f°s = 5° s f(p), f(p) = 
1 + (jf^") 2 — 1 + c 0S g and the spin connection 

x a f-1 sind . 

w sta =4iFe st — =tF (cos4),sm4)). 

P Pf Po 

The solution for a spinor in d = (1 + 5) should be written as a superposition of 
all four (2 6 / 2-1 ) states of a single Weyl representation. (We kindly ask the reader 
to see the technical details about how to write a Weyl representation in terms of 
the Clifford algebra objects after making a choice of the Cartan subalgebra, for 
which we take: S 03 , S 12 , S 56 in the refs. II15I12 I. ) In our technique [15] one spinor 
representation — the four states, which all are the eigenstates of the chosen Cartan 
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ab ab 

subalgebra — are the following four products of projections [k] and nilpotents (k): 

56 03 12 
Cp] = ( + )(+!)( + ) tl>0, 

56 03 12 
Cp] = ( + )[-!][-] t|> , 

56 03 12 

cpf = [-][-!](+) i|»o, 

56 03 12 

<pI = H(-K)[-Ho, (5.11) 

where t|>o is a vacuum state. If we write the operators of handedness in d = 
(1 + 5) as r (1+5) = Y V yVyV (= 2 3 iS 03 S 12 S 56 ), in d = (1 + 3) as r (1+3) = 
— iy°y 1 y 2 y 3 (— 2 2 iS 03 S 12 ) and in the two dimensional space as T (2) = iy 5 y 6 (= 
2S 56 ), we find that all four states are left handed with respect to r (1+5) , with the 
eigenvalue — 1, the first two states are right handed and the second two states are 
left handed with respect to V ' 2 ' , with the eigenvalues 1 and — 1 , respectively, while 
the first two are left handed and the second two right handed with respect to 



pO+3) w jth eigenvalues —1 and 1, respectively. Taking into accou nt E q.<5.11 1 
we may write [12 j the most general wave function i])' 6 ' obeying Eq.|5.8 in d = 
(1+5) as 

56 , . 56 

V 61 =A[+Wg ] +B[-WP ) , (5.12) 

where A and B depend on x CT , while 4>[+) an d ^[^j determine the spin and the 
coordinate dependent parts of the wave function 4>' 6 ' in d = (1 + 3) 

03 12 03 12 

l|>[Jj =oc+ (+i)(+) + P+ [-i][-], 

... 03 12 03 12 

^j 4) , = «- [-i] (+) + |3_ (+i) [-]. (5.13) 



Using 4>' 6 ' in Eq.|5.8 1 we recognize the following expressions as the mass terms: 



^(p°-p 3 )-fM? -ip 2 ) =m, f^(p°+P 3 )-f^(p 1 +ip 2 ) = m, ^(p° + 
P 3 ) + ^(P 1 -i-P 2 ) = m, |^(p° -p 3 ) + ^Hp 1 - ip 2 ) = m. (One can notice that 
for massless solutions (m = 0) the + ) an d M^ 4 ') decouple.) Taking into account 

56 56 56 56 

that S 56 (+)= 1 (+), while S 56 [-] = -\ [-], we end up with the equations of 
motion for A and B as follow 

-2if — + — ^ G)£ + m„4 = 0, 

oz oz p 



9 ain-v/Ef e 1 * 
- 2if (^ + — + — G)i+m6 = 0, (5.14) 
oz oz p 

where z := x 5 + ix 6 = p e 1 *, z := x 5 — ix 6 = p e _1 * and = X ( — ijp- 



3x 6 
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rewritten as follows 

-if e- 1 * (A - - ( ~ - UG) + ~ In y/tf)B + mA = 0, 
op p ocp op 

-if e l * ( A + - ( A - i2G) + A In + mB = 0, (5.15) 

op p ocp op 

with G = 4F^(= 2F(1 — cos -9)). Having the rotational symmetry around the 
axis perpendicular to the plane of the fifth and the sixth dimension we require 
that \p ,6) is the eigenf unction of the total angular momentum operator M 56 

M 56 ip (6) = (n+ ^)t|> (6 \ M 56 = x 5 p 6 — x 6 p 5 + S 56 . (5.16) 

Let A = A n {p) P n e in * and B = B n [p) p~ n e in *. 

Let us treat first the massless case (m = 0). Taking into account that ^ = 
#- lnf 2F and that E = f~ 2 it follows 

dp 

9 ln(6f- ? - 1/2 _| _ 



dp 

3 Jn(-4f F-1/2 ) 



0. (5.17) 



3p 

We get correspondingly the solutions 

B n = B e in * p- n f F+1/2 , 

A n = ^ e in *p n f- F+1/2 . (5.18) 
Requiring that only normalizable (square integrable) solutions are acceptable 



In 
In 



E pdpA^An < oo, 



•oo 

Epdp8£B n <oo, (5.19) 

o 



it follows 



for „4 n : -1 < n < 2F, 

for S n : 2F < n < 1 , n is an integer. (5.20) 



Eq.| 5.20) tells us that the strength F of the spin connection field UJ56cr can make a 



choice between the two massless solutions A n and B n : For < 2F < 1 the only 
massless solution is the left handed spinor with respect to (1 +3) 

^ 6) =^of- F+1/2 (+)tpK- < 5 ' 21 ) 

It is the eigenfunction of M 56 with the eigenvalue 1 /2. No right handed solution 
is allowed for < 2F < 1 . For the particular choice 2F = 1 the spin connection 
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field — S 56 cu 56c r compensates the term j|rf{p CT ,Ef}_ and the left handed spinor 
with respect to d = 1 + 3 becomes a constant with respect to p and 4>. 

For 2F = 1 it is easy to find also all the massive solutions of Eq.|5.15 1. To see 
this let us rewrite Eq.| 5.15) in terms of the parameter d. Taking into account that 
^ = i +cos g ' ^56^ — ( cos 4** sdtn. 4>) and assuming that A — A n [p) e xn ^ and 

B — B n+ -\ (p) e 1 - (n+l which guarantees that the states will be the eigenstates of 
M 56 , it follows 

1 - (F + 1/2)(1 -cosd). 



,3 n 



+ 



sintf 
1/2)0 



n+1 



COS -9) . 



dd sind 
with m = pom. For the particular choice of 2F 

,3 n + cos d 



+ iffuAn = 0, 



0, 



(5.22) 



from where we obtain 

{ s^3^ (sm ^- 



sin -8 
n 

sin 



)A n + imBn+i 

1 the equations simplify to 

)B n +i +ifTu4 n = 0, 

)_4 n + im£ n+1 =0, (5.23) 



[m 2 + 



[m 2 



-n 2 — 1 — 2ucos-0) 
sin 2 £ 

]Mn=0. 



)B 



n+1 



sin 2 d 



(5.24) 



From above equations we see that for fa = 0, that is for the massless case, the 
only solution with n = exists, which is Y§, the spherical harmonics, which is 
a constant (in agreement with our discussions above). All the massive solutions 
have fft 2 = 1(1 + 1), I = 1,2,3,.. and — I < n < I. Legendre polynomials are 
the solutions for A n — P n , as it can be read from the second of the equations 
Eq.|5.24l, while we read from the second equation of Eq.( 5.23[ that 

"n+1 



dd sind' 



Accordingly the massive solution with the mass equal to m = 1(1+ 1 )/po (we 
use the units in which c = 1 = h) and the eigenvalues of M 56 ((Eq 5.16 ) — which 



is the charge as we shall see later — equal to 
are 



n), with — I < n < I, I = 1,2, 



[6)1^=1(1+1! 
n+1/2 



56 ... 
: < + l/ 2 {( + )< ) ) 



56 



n 



sim 



(5.25) 



with Y n , which are the spherical harmonics. Rewriting the mass operator m 
Y°T s f^(Pcr — S 56 cu 56c r + 2iff{PcT, Ef}_) as a function of d and 4> 



56 



p m = iY°{(+) e 



3 

3d 



sin$ 3c() 



— COSi 

sin d 



56 



+ 



— -)} 

(5.26) 
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one can easily show that when applying porrt and M 56 on ^[f+V^ k ' k+1 ', for 



— k < n < k, one obtains from Eq.l 5.25) 



PoTTLlJ) 



(6)fh. 2 =k(k+i; 
n+1/2 



(6)m 2 =k(k+1 ) 



56 lll (6)m' ! = (n.+ V2)k.(k+l! 



n+l/2 



= (n+1/2)i|) 



(6)m =k(k+1) 
n+1/2 



(5.27) 



A wave packet, which is the eigen function of M 56 with the eigenvalue 1 /2, for 
example, can be written as 



56 



56 



(5.28) 

The expectation value of the mass operator fft on such a wave packet is 

Y_ c k ; 2 c k /2V /k(k+T)/po. 



k=0,oo 



It remains to comment the meaning of the exclusion of the south pole on 
S 2 , since the disc with the zweibein equal to f = 1 2 0S d looks like S 2 up to the 
southern pole. 



To start from the southern pole one must rewrite Eq.l 5.23) and the second 
equation of Eq.l 5.24 1 so that •& is replaced by [n — d) 



-n + cos(7t — d) . 



9(tt-£) sin(7t--&) 
3 -n 



d{n-d) sind 



)(-)B_n+i +imA- n = 0, 



(5.29) 



and 



sm(7T — d) 



sin(TT-d) 9(7t--&) 



9(7t--&) 



+ [m 2 - 



-n 



sin 2 (7t--a) 



}}A- n = 0. 



(5.30) 



Since A- n {n - &) = P l _ n (n - Q) = (-1 ) l+n P n (-&) are th e solu tions of Eq.|530 
and since P\. n [n—&) = (— ) l+2n P n (9), the solutions of Eq.l 5.30 i coincide with the 



solutions of Eq.l 5.24} . Correspondingly also the solutions for (— )B- n +-\ (n — •&) 
in"( 3(7t-o) ^slnl")-^-"-^— fl) coincide with the solutions of Z? n+ i (-8), which proves 
that the one missing point on S 2 makes no harm. 



5.3 Spinors and the gauge fields in d = (1 +3) 

To study how do spinors couple to the Kaluza-Klein gauge fields in the case of 
M (1+5) , "broken" to M (1+3) x S 2 with the radius of S 2 equal to p and with 
the spin connection field w sta — ^^^st^f-^f we first look for (background) 



5 Spin Connection Makes Massless Spinor Chirally Coupled 



53 



gauge gravitational fields, which preserve the rotational symmetry around the 
axis through the northern and southern pole. Requiring that the symmetry deter- 
mined by the Killing vectors of Eq,| |5.7) (following ref. |10J) with f % = f6f , f ^ s = 
0, e s a — f _1 6* , e m cr = 0, is preserved, we find for the background vielbein field 



ra _ 

i 1 a — 



u m 1 tt 

= ft*, f ff , 



(5.31) 



with 



ra _ ix(56)o-tj(5)(6)j:h _ _cr x A cn 



£ T X Am 6 (J, 



(5.32) 



s = 5,6;o~ = (5), (6). Requiring that correspondingly the only nonzero torsion 
fields are those from Eq.<|5.9} we find for the spin connection fields 



">stn = £ s tA„ , w 
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F^-v = A[-v iM .]. The U(l ) gauge field A^ depends only on x^. All the other compo- 
nents of the spin connection fields, except (by the Killing symmetry preserved) 
ulster from Eq.( 5.8 1, are zero, since for simplicity we allow no gravity in (1 +3) 
dimensional space. The corresponding nonzero torsion fields T a b C are presented 
in Eq.< |5.9) , all the other components are zero. 

To determine the current, which couples the spinor to the Kaluza-Klein gauge 
fields A,,, we analyze (as in the refs. 1101121 1 the spinor action (Eq.||5.2[) 



S = 
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Here il> (6) is a spinor state in d = (1 + 5) after the break of M 1+5 into M 1+3 x S 2 . 



E is for f a a from Eq.| |5.31| equal to f~ 2 . The term in the second row in Eq.| |5.34 l 
is the mass term (equal to zero for the massless spinor), the term in the third row 
is the kinetic term, together with the term in the fourth row defines the covariant 
derivative po,xind = (1+3). The terms in the last row contribute nothing when 
the integration over the disk (curved into a sphere S 2 ) is performed, since they all 
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We end up with the current in ( 1 +3) 
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The charge in d = (1 + 3) is proportional to the total angular momentum M 56 = 
L 56 + S 56 around the axis from the southern to the northern pole of S 2 , but since 
for the choice of 2F = 1 (and for any < 2F < 1) in Eq.[ 5.20) only a left handed 



massless spinor exists, with the angular momentum zero, the charge of a massless 
spinor in d = ( 1 + 3) is equal to 1 /2. 

The Riemann scalar is for the vielbein of Eq. 1 5.31) equal to 



ft = -^p 2 f- 2 F™F mn . 
If we integrate the Riemann scalar over the fifth and the sixth dimension, we get 

3~ t Po J r r m n- 



5.4 Conclusions 

We presented in this letter a toy model of a left handed spinor carrying in d = 1 +5 
nothing but a spin, with the symmetry of M' 1+5 ', which breaks to M' 1+3 ' x the 
infinite disc with the zweibein, which curves the disc on S 2 (f = 1 + [j^) 2 , 
with po the radius of S 2 ), and with the spin connection field on the disc equal 
to w sta = e st i4F^=r^f, cr = (5),(6);s,t = 5,6, which allows for < 2F < 1 
one massless spinor of the charge 1 /2 and of the left handedness with respect to 
d = ( 1 + 3 ) . This spinor state couples chirally to the corresponding Kaluza-Klein 
gauge field. There are infinite many massive states, which are at the same time 
the eigenstates of M 56 = x 5 p 6 — x 6 p 5 +S 56 , with the eigenvalues n+1 /2, carrying 
the Kaluza-Klein charge n + 1 /2. For the choice of 2F = 1 the massive states have 
the mass equal to k(k + l)/po,k = 1,2,3,.., with — k < n < k. We found the 
expression for the massless eigenstate and for the particular choice of 2F = 1 also 
for all the massive states. 

We therefore found an example, in which the internal gauge fields — spin 
connections and zweibeins — allow only one massless state, that is the spinor of 
one handedness and of one charge with respect to d = 1+3 space. Since for 
the zweibein curving the infinite disc on S 2 , the spin connection field cu stC r = 
i4F fj^jr ^ , with any 2F fulfilling the condition < 2F < 1 ensures that a massless 
spinor state of only one handedness and one charge in d = (1+3) exists (only one 
massless state is normalizable), it is not a fine tuning what we propose. To find 
simple solutions for the massive states, we made a choice of 2F = 1 . The massless 
state is in this case a constant with respect to the two angles on S 2 , while the 
angular dependence of the massive states, with the masses equal to 1(1 + 1 )/ po, 
are expressible with the spherical harmonics Y^, — I < n < I, and with the 



We do not explain either how does the break of the M (1+5) to M (1+3) x the 
infinite disc, with the zweibein which curves the disc on S 2 , occur or what does 
make the spin connection field in the radial direction and of the strength, which 
allows spinors of only one handedness on S 2 . 

If the break of the starting symmetry M 1 + 5 occurs spontaneously because of 
the many body effects, like it is a many spinors state, then the spin connection 
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field must be proportional to the number of spinors (it might be of different an- 
gular momentum each) and accordingly quantized. WE have tried to prove that 
such a spin connection field can occur due to the many body spinor functions, 
describing spinors in d = 1 + 5. We could not found such a many body state. We 
even proved that such a field can not be generated by only spinors. 

Let us conclude the paper by pointing out that while in the two papers H10I12I 
we achieved the masslessness of a spinor, its mass protection and the chiral cou- 
pling to the corresponding Kaluza-Klein gauge field after a break of a symmetry 
from d=1+5tod=(1+3), with the choice of the boundary condition on a 
flat (finite) disk (without explaining where does such a boundary condition come 
from), in this letter the massless spinor and its chiral coupling to the correspond- 
ing Kaluza-Klein gauge field is achieved by the choice of the appropriate spin 
connection and zweibein fields (whose origin we were not able to derive). 

We do not discuss the problem of the families in this paper. We kindly ask the 
reader to take a look on the refs. [1 2 3 456 78| where the proposal for solving 
the problem of families is presented. 
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6 Some Obvious Matters of Physics That Are Not 
Obvious 

R. Mirman* 
14U 

155 E 34 Street 
New York, NY 10016 

Abstract. There are some well-known properties of our universe whose reasons are clear 
but strangely not well-known. Physicists seem to believe that they hold because God wants 
them. Actually it is usually because geometry wants them. We summarize these here; de- 
tailed discussion and proofs were given long ago (DQ; Q; 0; 0; GO; 0; 0; 0; ED; QU; 

ED; EI; IH; ED; ED; ED; ED). 

6.1 Why we cannot expect gravitation to have weird properties 

General relativity seems to have unphysical solutions like closed time-like curves, 
wormholes, ... . This does not follow and is quite unlikely: the Einstein equation 
is a necessary condition for a gravitational field but not sufficient. There are ad- 
ditional requirements [8| and before we can conclude that there are fields with 
strange properties we must show that all conditions are satisfied. This is implau- 
sible for weird fields. Abnormal solutions imply that not all conditions are satis- 
fied. And there are other problems. 

These do not imply anything wrong with general relativity — it is almost 
certainly correct. It just means that it is applied incorrectly. 

What are other conditions (0; H3; (T71 )? 

The field must be produced, else it does not exist. What produces a gravi- 
tational field? A sphere, a star, dust? But there are no spheres, stars, dust. These 
are merely collections of protons, neutrons, electrons and such — which are what 
creates and is acted upon. Such a collection must give a strange field. However 
these objects are governed by quantum mechanics. The uncertainty principle ap- 
plies. Can a collection of such objects produce strangeness? Before it is claimed 
that there are closed timelike curves, wormholes, it must be shown that there 
is a collection of quantum mechanical objects capable of producing them. 

Would we expect a single proton, a single electron, to give closed timelike 
curves? If not why would we expect a collection to? This implies that the formal- 
ism is being used incorrectly. This can be tricky because we often think in ways 
different than the ones nature thinks in, like using classical physics as a formalism 

* sssbbg@gmail.com 
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while nature uses quantum mechanics, or using large objects while nature pro- 
duces gravitational fields from collections of quantum mechanical ones. Using 
the proper formalism is essential. 

If such single objects, atoms and subsets, cannot form wormholes, or any 
other such strange things, then for them to be believed to exist it must be shown 
that sets of such elementary objects can give them. How many objects does it 
take? What determines this number? This does seem implausible does it not? The 
difficulty is that we take the source of the gravitational field as a macroscopic 
body, but there are none, only collections of electrons, protons and such. Hence 
we must either show that such objects are possible or conclude that they are 
purely the result of misuse of the formalism, like the use of macroscopic sources. 

There is another condition which is especially interesting since it requires 
that general relativity be the theory of gravity (thus the quantum theory of grav- 
ity, as it so clearly is (18])). All properties of gravitation come from it. This has 
been discussed in depth, with all the mathematics shown and proven (|8J; |12|). 
Here we summarize. 

A physical object, like a gravitational field, must be a representation basis 
state of the transformation group of geometry, the Poincare group. (The Poincare 
group is the transformation group, not the symmetry group, although it is inter- 
esting that it is the symmetry group also ([17J, sec. VI.2.a.ii, p. 113)). 

To clarify consider the rotation group and an object with spin up. Its state- 
function (a better term than wavefunction since nothing waves) gives the spin as 
up. A different observer sees the spin at some angle, thus a different statef unction. 
The statef unction of the first must be transformed to give that of the second. Thus 
for each set of coordinates there is a statefunction and these are transformed into 
each other when the coordinates are. For each rotation there is a transformation of 
the statefunction. Moreover the product of two transformations must correspond 
to the product of the two rotations that they go with. Also a rotation, being a 
group element, can be written as a product of two, or ten, or 1000, or in any of an 
infinite number of ways. Each such product has a product of transformations on 
the statefunction going with it, with each term in the product of transformations 
corresponding to a term in the product of rotations. Thus the transformations 
on the statefunction form a representation of the rotation group, and each state- 
function generated from any one by such a transformation is a basis state of the 
rotation group representation. 

This does not require that space or physics be invariant under the group. Ro- 
tations are a property of geometry whether space is invariant under them or not. 
Thus a state can be written as a sum of rotation basis states (spherical harmonics) 
and is taken into another such sum by a rotation. Each term in the latter is a sum 
of terms of the former (with coefficients functions of the angles). Each term is a 
sum only of terms from the same representation (states of angular momentum 
1 go only into states of angular momentum 1, and so on). This is true whether 
space is invariant under rotations or not (say there is a direction, simulated by 
the vertical, that is different). An up state may with time go into a down one, but 
that is irrelevant since these (mathematical) transformations are considered at a 
single time. Also no matter how badly symmetry is broken there cannot be an 
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object with spin-i or n. These would not be true if we expanded in unitary group 
states. The rotation group is a property of our (real) geometry. 

It is only a subgroup. The transformation group of space thus of the fields 
is the Poincare group. Statef unctions (including those of gravity the connections) 
must be basis states of it. The Poincare group is an inhomogeneous group so 
very different from the simple rotation group. Gravitation is massless. The entire 
analysis depends on this. 

Massless and massive representations are much different. The little group of 
massive representations is semisimple (the rotation group), while that of mass- 
less ones is solvable. Thus massless objects have difficulty in coupling to mas- 
sive ones. There are only three that can. Scalars apparently can. Helicity 1 gives 
electromagnetism (with its properties completely determined). For helicity 2 the 
indices do not match. Fortunately the formalism gives a nonlinear condition, the 
Bianchi identities, that allow gravitation to interact with massive objects. Grav- 
itation must be nonlinear else it could not couple, so could not exist. Einstein's 
equation then follows from the formalism, but is not all of it. 

A supposed gravitational field must be shown to form a representation basis 
state of a massless helicity-2 representation of the Poincare group or it is not a 
gravitational field. Unless ones with strange properties are shown to be that then 
they are results of the wrong or incomplete formalism, so nonexistent. 

Since the Poincare group is inhomogeneous the momentum operators (the 
Hamiltonian is one) must commute. There would be many problems if not (|8|, 
sec. 6.3.8, p. 110). It must be checked for a proposed field that the momenta com- 
mute on it. 

The proper way to find fields is thus to find functions satisfying these prop- 
erties — extremely difficult. To see if a field can be produced we must find if the 
momentum operators of the entire system commute. These consist of three sets 
of terms, for the field, for massive matter and for the interactions. Thus we have 
to find a (quantum mechanical) distribution of matter which, with the fields it 
produces, gives these operators, and such that they commute. 

It is likely to be very rare that we can do this. Great caution is required; we 
cannot jump to conclusions about the existence of strange solutions. 

To illustrate the importance of proper formalism, properly applied, we con- 
sider other related topics (|[8"1). 

Are there "graviton"'s ([8 |,sec. 11.2.2, p. 187)? We are used to taking electro- 
magnetic fields as sets of photons so try to apply it to gravity. But electromag- 
netism is linear, gravitation nonlinear. What is a photon? It is not a little ball, a 
ridiculous idea. If we Fourier expand an electromagnetic potential (a solution of 
the equations) each term is a solution. Each term is then a photon. A solution is 
a sum of solutions. If we do the same for a field that is a solution of the gravita- 
tional equations the terms are not solutions. A gravitational field is a collection 
of "graviton"s each producing a collection of "graviton"s, each ... . Obviously the 
concept is useless. Consider a gravitational wave extending over a large part of 
the universe. That single wave is a "graviton". The concept is not likely useful. 

Are there magnetic monopoles (|8J,sec. 7.3, p. 131)? Maxwell's equations 
have an asymmetry. But these are classical, so irrelevant. Quantum electrody- 
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namics does not have such an asymmetry. There is no hole to be filled and, using 
the correct formalism, there is no way a magnetic monopole can act on a charge. 
There are no magnetic monopoles. 

What is the value of the cosmological constant? In Einstein's equation one 
side is a function of space, the other a constant (obvious nonsense), that is one 
side is a function of a massless representation, the other a momentum-zero rep- 
resentation. This is like equating a scalar and a vector. The cosmological constant 
is trivially 0, unfortunately else gravitation would have a fascinating property: a 
wave would be detected not only an infinitely long time before arrival but before 
emission ([8], sec. 8.1.4, p. 139). 

For small fields the term multiplying the cosmological constant can be taken 
as constant, so putting it in the equation sets a variable equal to a constant. 

Are there Higg's bosons? Gauge transformations are the form Poincare trans- 
formations take for massless objects, and these only (|8|, sec. 3.4, p. 43). This is 
explained in one paragraph ( fT7\ . sec. E.2.1, p. 445). They cannot be applied to 
massive objects because of the mathematics, not because of some new field. Peo- 
ple are entranced by gauge invariance and decided to apply it to objects where 
it cannot hold. This is like deciding that orbital angular momentum is integral so 
spins must be. They are not so there must be some new field that makes them 
half-integral. But the mathematics gives both types of spin, does not allow spin- 
gives gauge invariance for massless objects, and does not allow it for massive 
ones. This is a result of the mathematics, not of some new field. There are no 
Higgs bosons. 

6.2 Uncertainty principles for gravitation 

Gravity is described quantum mechanically by its statefunction, T. This means 
that there are uncertainty principles for the gravitational field. What are these? 
Why do uncertainty principles arise? Essentially objects are wavepackets. These 
can be Fourier analyzed into terms of the form (schematically) Y_ A(p)exp(ipx + 
tvt). The more terms, the more values of the momentum p, the narrower is the 
wavepacket, the narrower the range of p's which contribute significantly, the 
wider the packet. This, in the well-known manner, gives the uncertainty prin- 
ciple. 

For gravity it is similar, except that gravitation is nonlinear. This means that 
solutions of Einstein's equation cannot be added, as solutions of Schrodinger's 
equation can. So for an electron we can construct wavepackets, including ones 
with minimum uncertainty. For gravitation we cannot. A gravitational field is a 
wavepacket. It is spread over space so there is an uncertainty in position, and 
being a wavepacket also one in momentum. By the same argument the smaller 
the extent of the field the more momentum values must give significant contri- 
butions. There is thus an uncertainty principle, and it is stronger than 6p6q = 1. 
This holds for the minimum wavepacket (IB1, p. 156), which a gravitational field 
is not, and no gravitational field can be constructed to be one. Such a field would 
not obey Einstein's equation. The uncertainty for gravitation is stronger than in 
other cases — because gravitation is nonlinear. 
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Also the Gaussian form does not hold for the gravitational field, so there is 
not one hump, but many. 

We leave open the question whether a minimum uncertainty gravitational 
field can be constructed. It would have to obey Einstein's equation, the commu- 
tativity conditions, and also be shown to give the minimum. This would be a dif- 
ficult mathematical problem especially because there seems no general formula 
for gravitational fields. 

Can we measure in a way to violate uncertainty? We leave open the general 
analysis giving just a few remarks. The way to measure the gravitational field is 
to put a small mass in and see how it behaves. But the mass then produces its own 
field and the narrower we make the mass wavepacket the more momentum states 
we must include. The more momentum states the greater the uncertainty of the 
extra field. And the total field cannot be separated into the original field and the 
induced one because gravitation is nonlinear. Thus the measurement must give 
an uncertainty. We leave open the question whether these procedures give the 
same uncertainty, which is difficult because there is no known way of calculating 
a minimum uncertainty for gravitation. 

For a more formal analysis we start with the expectation value of the com- 
mutator (|5J, p. 154) < [p, q]| >. This gives that the product of the uncertainties 
(schematically) 

Sp§q > 4 < |[p,q]| > • (6.1) 

For x and p the right-hand side is a constant, 1 (in the proper units). However in 
general, including for gravitation, it is not, and is greater than 1 . The uncertainty 
for gravitation is greater than the minimum and depends on the statefunction. 
For gravitation there are uncertainty principles but strong ones and ones that 
cannot be given in general since they depend on the statefunction. 

6.3 Dirac's equation 

Why does Dirac's equation hold? Despite an all too prevalent belief it is not some 
strange property of nature. It is a trivial property of geometry. 

Considering only space transformations, ignoring interactions and internal 
symmetry, objects (thus free) belong to states of the Poincare group. This has two 
invariants (like the rotation group has one, the total angular momentum). For 
a massive object these are the mass and spin in the rest frame. Knowing these 
the object is completely determined. Thus two equations, not one, are needed to 
determine an object. For spin-j, only, these two can be replaced by one, Dirac's 
equation. Why is this? The momentum, p |x is a four-vector. There is another four- 
vector, y„. Thus Y|jP|x is an invariant. It is a property of the object, and we give 
that property the name mass. Thus 

y^Vyi = ttl, (6.2) 

which is Dirac's equation. It gives the mass of the object, and the spin, I. This 
is only possible because of the y^'s. These form a Clifford algebra and there is 
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(up to inversions) only one for each dimension. This is then the reason for Dirac's 
equation, and only for a single spin. 

6.4 Nobody noticed? Highly unlikely! — the irrationale for 
string theory 

String theory is designed to solve the problems caused by point particles. How- 
ever there is nothing in any formalism that even hints at particles, let alone point 
particles. Where did this idea of particles come from? Could it really be that thou- 
sands of physicists are wasting their careers to solve the problems caused by par- 
ticles with not a single one even noticing that there are none? What objects are is 
discussed elsewhere llT7ll . This also has a rigorous proof, verified by others, that 
physics is possible only in dimension 3+1 so string theory must be wrong. Don't 
the dots on the screen in, say, the double slit experiment show that objects are 
points? Of course not, they are consequences of conservation of energy. See[18J 
and also ITTTI . There are infinities in intermediate steps of a particular approxima- 
tion scheme, but they are all gone by the end. If a different scheme was used the 
idea of infinities would never have arisen. The laws of physics are not determined 
by physicists' favorite approximation method. Thus string theory is a mathemat- 
ically impossible theory, in violent disagreement with experiment, carefully de- 
signed to solve the terrible nonexistent problems caused by nonexistent particles. 
Perhaps that is why physicists are so enthusiastic about it. 

6.5 There are no Higgs; The reason for gauge transformations 

Why is there gauge invariance? Despite the opinion of many physicists it is not 
because God likes it. Rather it is the form Poincare transformations take for mass- 
less objects and are possible for these only. This has been discussed in depth previ- 
ously ([8 1) although it can be explained in one obvious paragraph (| 17|). Consider 
an electron and photon with momenta parallel and spins along the momenta (so 
parallel). There are transformations that leave the momenta unchanged, chang- 
ing the spin direction of the electron, but cannot change that of the photon. Elec- 
tromagnetic waves are transverse. (This is required by the Poincare group, not 
God). Thus there are transformations acting on the electron but not on the photon, 
which is impossible. What are these transformations? Obviously gauge transfor- 
mations. And that is exactly what the Poincare group gives; all their properties 
follow. They are not possible for massive objects but are a required property of 
massless ones. 

The belief in Higgs bosons comes from the belief that all objects are invariant 
under gauge transformations, which strongly disagrees with experiment. Instead 
of giving that belief up it is kept, because physicists are emotionally attached to it, 
and a new field, that of Higgs bosons, is introduced to give objects mass. However 
as gauge transformations are the form Poincare transformations take for massless 
objects and are possible only for these they cannot be applied to massive objects 
and it makes no sense to so apply them. That would be like saying that since 
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orbital angular momentum has integer values all angular momenta has. Since this 
is not true a new field is introduced to produce half -integer values. That would 
make no sense and neither do Higgs bosons. There are no Higgs bosons. 

6.6 Inertia 

Some people are confused about inertia regarding it as a force or as something 
caused by distant matter in the universe. Why is there inertia? A consequence of it 
is that the velocity of an object does not change unless there is a force acting on it. 
Suppose that this were not true. Then objects would just move randomly, starting 
and stopping for no reason, moving erratically, unpredictably. There would be 
no law. But if there were no laws how can we say that inertia is due to distant 
matter? That would be meaningless since it would be impossible to predict or 
explain anything. Explanations like a fictitious force or distant matter would be 
meaningless. Nothing could be said. There has to be inertia otherwise there could 
be no physics. Physicists like to take the obvious and develop convoluted and 
impossible theories to explain what is beyond explanation. This explains nothing 
about physics but much about physicists. 

6.7 Theories necessary and nonsensical, and theories that are 
just nonsensical 

Classical physics, and Bohr's theory of the atom, are both nonsense, mathemati- 
cally inconsistent, simply absurd[7J. But they are essential. They are needed as 
steps to correct theories, and classical physics is essential for our civilization. 
String theory however is just nonsense, mathematically inconsistent, completely 
absurd. Why, what is the difference? Why do they work, of course only to some 
degree (El)? 

The variables in classical physics, like position and momentum, are wrong, 
a correct theory cannot be built upon them. Yet correctly interpreted they can 
be used for a correct theory. They are actually operators, or expectation values 
of these. And friction is a phenomenological function summarizing the correct 
variables, the electromagnetic or gravitational fields. 

Thus Newton's second law is a relationship between the second derivative of 
an expectation value and a function determined by the fields acting on the object. 
In that sense it is correct, but it cannot be pushed too far. It is purely phenomeno- 
logical. 

What about Bohr's theory? Of course there are no orbits. What the theory 
gives are the regions of maximum probabilities. Here luck is very much involved. 
For the hydrogen atom there are simple rules for these. As a result it is possible to 
find these regions of maximum probabilities using Bohr's rules even though the 
way of guessing them is nonsense. 

Bohr's theory is nonsense, but essential. It worked, and physics advanced, 
only through great luck. Otherwise the advance of physics would have been 
greatly slowed. Look at nuclear physics, where there is no such luck. 
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But string theory, for example, no matter how interpreted, has no relation- 
ship to physics. It is just nonsense. 

Does the vacuum have energy? Can particles pop out of the vacuum to 
change the solutions of equations? Where did such absurd ideas come from? One 
approximation scheme for solving the equations of quantum electrodynamics is 
perturbation theory. In it are terms which have been called vacuum expectation 
values. Does it have anything to do with the vacuum? Of course not. Just be- 
cause someone gave it a name that includes the word vacuum physicists, who get 
very confused because of names (like quantum mechanics), decided that since the 
word vacuum is part of the name it must have something to do with a property 
of the vacuum ([17|). Because of that silly mistake they have invented a large set 
of (religious) beliefs about the properties of the vacuum. Of course all these be- 
liefs are ridiculous. That is why physicists believe them so strongly. If a different 
approximation method was used, or a different name was given, these absurd 
beliefs would never have occurred. And if someone suggested them they would 
have been laughed at. It is an interesting psychological question why physicists, 
and journalists, accept such nonsense instead of laughing at it. Perhaps they enjoy 
being crackpots (and being laughed at). Undoubtedly they often are. 
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Abstract. Fhe possibility that the two experiments: DAM A / Nal-LIBRA d and CDMS |2| 
measure the fifth family baryons predicted by the approach unifying spin and charges, 
proposed by N.S. Mankoc Borstnik, is discussed from the point of view of the measure- 
ments of the DAM A / Nal-LIBRA d and CDMS experiments. While the DAMA/Nal- 
LIBRA experiment very clearly sees not only the signal but also the annual modulation 
of the signal, CDMS sees no signal. N. Mankoc Borstnik and G. Bregar, by estimating 
what is happening when the fifth family neutron hits the first family nucleon, predict that 
CDMS will in the near future see the fifth family baryons, if the fifth family baryons are 
what DAMA/Nal-LIBRA measures. M.Khlopov, A.Mayorov and E.Soldatov are propos- 
ing alternative scenario, which is applicable for the fifth family clusters and formulates the 
conditions, under which the results of both experiments can be explained. In these discus- 
sions J. Filippini from CDMS collaboration helped a lot to clarify what is happening in the 
measuring procedure of both experiments, if they do measure a heavy family cluster with 
small enough scattering cross section on ordinary nuclei. 

7.1 Introduction 

In this proceedings the talk of Norma Susana Mankoc Borstnik (with G. Bregar) is 
presented, which analyzes the possibility that the new stable family predicted by 
the approach unifying spins and charges, proposed by N.S. Mankoc Borstnik [3], 
(the approach is offering the mechanism for generating family the only one in the 
literature, which is not assuming the number of families, as the standard model 
of the electroweak and colour interactions also does) is offering the solution for 

* These discussions took place through video conference organized by the Virtual institute 
of astroparticle physics, whose activities are presented in this proceedings. 
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the open question of the cosmology and the elementary particle physics concern- 
ing the origin of the dark matter. Namely the approach predicts more than three 
known families. It predicts two times four in the Yukawa couplings (from the 
point of view of the age of our universe) decoupled families. The first very rough 
estimations show [3 4 J that the fourth family might be seen at LHC, while the fifth 
family is, as a stable family a candidate to form the dark matter clusters. The an- 
alyze of S.N.M.B. and G.B. (presented in this proceedings) of what is happening 
in the measuring apparatus of both experiments, if they measure the fifth family 
neutrons, still leaves the possibility that CDMS and DAMA/Nal-LIBRA experi- 
ments do measure the clusters of the fifth family quarks open, predicting that in 
this case the CDMS (or any other similar experiment) will in the near future see 
the events, triggered by the fifth family clusters. The discussions below with J. 
Filippini helped a lot to clarify the uncertainties in the approximate evaluations 
of what the two experiments measure 0J. 

On the other hand M. Khlopov, A. Mayorov and E. Soldatov (M.K. talk is in 
this proceedings), found a possible solution for the DAMA / CDMS controversy 
based on the scenario of composite dark matter |5| and noted that for the ex- 
cess of anti-u quarks of the fifth family predicted by the approach unifying spins 
and charges proposed by N.S.Mankoc Borstnik [3]) their scenario can be realized, 
with no contradiction with the DAMA/CDMS experiments even if CDMS sees 
no events and DAMA does. 

7.2 Discussions 

These discussions took place through videoconference organized by the Virtual 
institute of astroparticle physics, whose activities are presented in this proceed- 
ings 0. 

To clarify the CDMS data analysis Jeff Filippini was asked questions dur- 
ing VIA discussions. Bellow the questions and the answers are presented. There 
were also two talks taking place during the discussions: The one of N.S. Mankc 
Borstnik and the one of M. Khlopov and the contributions of G. Bregar, A. May- 
orov and E. Soldatov. Contributions are included in the two talks of this Proceed- 
ings while the talk of N.S. Mankoc Borstnik and M. Khlopov can be found on the 
website http:/ /www.cosmovia.org [4 7 J 

The two starting questions for J. Filippini: 

• What is the real exposure time in your experiment? It is not clear for us 
what means effective exposure 121.3 kg-d, averaged over recoil energies and 
weighted for WIMPs of a definite mass. 

• Are we right to consider as a real exposure the number of germanium and 
silicon nuclei, active in the period of measurements? 

The talk of N.S. Mankoc Borstnik entitled "Does the dark matter consist of 
baryons of a new heavy stable family predicted by the approach unifying spins 
and charges?", which can be found on website |4], took then place. 

Then the talk of M. Khlopov, which can be found on website [7] was pre- 
sented. 
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Then the three contributions of G. Bregar, A. Mayorov and E. Soldatov, in- 
cluded now in the proceedings as a part of two talks, were presented. 
The J. Fillippini answers: 

• The raw Ge exposure (mass times good running time) for this run is 421 kg- 
days. Our various data quality and event selection cuts reduce our fiducial ex- 
posure for WIMP search substantially and the efficiency (signal acceptance) 
of these cuts varies with recoil energy. The raw exposure and efficiency func- 
tion (Figure 2) describe our sensitivity but we can't give a single number 
which expresses our exposure for all WIMP masses. 

The goal of the "WIMP-spectrum-averaged exposure" is to express the effects 
of the cuts (including their energy dependencies) to give an equivalent expo- 
sure in a single number. Our value of 121 kg-days at 60 GeV/c2 means that 
our sensitivity (assuming no background) is equivalent to that of a "perfect" 
Ge experiment with lOOacceptance and the same energy thresholds (10-100 
keV in recoil energy) attempting to detect a 60 GeV/c2 WIMP. To compute 
this we convolve the energy-dependence of our signal acceptance with the 
expected recoil spectrum of 60 GeV WIMPs. Our experiment and this "per- 
fect" experiment would set the same limit on a 60 GeV WIMP if no events 
were observed. 

Since the expected WIMP recoil energy spectrum varies with WIMP mass and 
our signal acceptance varies with recoil energy this equivalence is only true 
for one particular WIMP mass. The equivalent exposure of our experiment 
will be slightly different for different WIMP masses, but since our efficiency 
is nearly flat with recoil energy the equivalent exposure will not vary much. 

Questions for J. Fillipini and his answers: 

• Does your exclusion curve means that particles with mass 10 TeV and cross 
section 10~ 34 cm 2 are excluded? 

The answer: That's correct, up to the usual uncertainties from the WIMP halo 
model. The WIMP recoil spectrum goes roughly as e ( — E/E0), so heavy 
WIMPs still should produce plenty of low-energy recoils that we could detect. 
The WIMP-nucleus cross section becomes essentially independent of WIMP 
mass when the WIMP is much heavier than the target nucleus. The incident 
flux of WIMPs goes inversely as the WIMP mass (since the total density is 
fixed), so our limit curve asymptotically goes as M. At 10 TeV our upper 
limit should be a few times 1 0~ 42 cm 2 . 

The WIMP cross section on a nucleus is proportional to A 2 (from the coher- 
ence across the various protons and neutrons in the nucleus) and to mu 2 (the 
square of the reduced mass: 1/rrvu = 1 /M w + 1/M N ). There are also form 
factor corrections, but we'll ignore those for now. 

We traditionally plot the WIMP's cross section on a single proton, cr P , since 
this allows for fairer comparisons between different experiments. Because of 
the above scaling factors, cr Ge = o~ P (A 2 ) (mueeMup) 2 . From our plot, the 
WIMP-proton cross section is o> = 6.6 • e — 44 cm 2 . The coherence factor (A 2 ) 
is 72 2 5200 and the reduced mass factor is (muGc/mup) 2 1040. This gives 
cr Ge = 3.5 • e — 37cm 2 for the cross section on a Ge atom. 
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Following through your computation (putting in an expected incident ve- 
locity of (^(3/2) 220 = 270)km/s), I get a net rate of R 1 / (43 kg-d). For 
zero observed events, a 90% upper limit corresponds to an expectation of 2.3 
events. From the above computation, this should happen for an exposure of 
100 kg-days. The form factor and full halo model probably account for the 
remaining 20%, but the order of magnitude is correct. 

The factor of 1 7 comes from the ratio of total cross sections for Ge atoms 
versus single protons. 

(Norma): Can it be that your cleaning procedure of the noise disregards 3?, 
14?, 25?, 28? events? Which is the higher value you could agree with? 
Does your cleaning procedure of the noise depend on the assumed recoiled 
energy? To which extend is your way of "cutting away the noise" similar to 
DAMA? 

The answer: WIMPs are often assumed to be stationary on average within the 
galactic frame, but individually they must be moving at velocities compara- 
ble to the sun's (more similarly to case 2b). Most toy models of the dark matter 
halo give an exponentially-declining distribution of recoil energies; this expo- 
nential spectrum makes the choice of energy threshold especially important. 
Some of these additional effects become less important to the overall event 
rate as the WIMP becomes sufficiently heavy, but they are very important to 
the changes of spectrum which determine the an annual modulation signal. 
One useful resource for checking the results of the usual framework is a set 
of web tools posted by the ILIAS consortium in Europe: 
http: / /pisrvO.pit.physik.uni-tuebingen. de/darkmatter/l 
From these pages you can quickly check event rates and recoil energy spec- 
tra for various dark matter particle masses and cross sections incident upon 
different targets; you can also vary the halo model parameters and annual 
modulation phase (theta) somewhat. I have not checked the accuracy of this 
site's calculations personally, but I expect them to be good. 
For now, I'll skip to your questions ... 

It seems very unlikely to me that CDMS's analysis procedure could have 
missed such a large number of events, assuming coherent scattering on a nu- 
cleus. The performance of our analysis is measured directly using an in situ 
calibration with a neutron source, which gives us confidence in our result. 
There is a 5% chance that a model predicting 3 events could have produced 
nothing in our experiment due simply to statistical fluctuations, but much 
larger numbers are very hard to believe. 

The main implicit assumption we're making (and that most other experi- 
ments in this field make) is that recoils induced by dark matter particles be- 
have similarly to nuclear recoils of the same energies induced by neutrons. 
This assumption could be wrong: a particle which deposited significant elec- 
tromagnetic energy, for example, could fall outside of our signal region and 
be missed. We only claim validity for our limit curve within the usual spin- 
independent WIMP framework: a massive, neutral particle scattering coher- 
ently from an atomic nucleus. Within this framework, I know of no effect 
which could change our limit by more than, say, 1 0%. 
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Other frameworks require different analyses, of course. We have looked for 
signatures of axion-like particles and low-mass WIMPs in our data, and these 
results will be made available in upcoming months. 

The performance of our analysis cuts does vary with recoil energy. As you 
can see from Figure 2 of our preprint, however, the signal acceptance does 
not change much over the 10-100 keV range. 

CDMS and DAMA handle our backgrounds and noise quite differently. Both 
experiments have cuts in place to exclude events due to readout noise, and 
these are not so very different in principle. DAMA does very little beyond 
this, trusting the annual modulation signal to be visible above the remaining 
background. CDMS imposes a series of further cuts upon our data to reject 
electron recoil events, and I do not believe these have direct analogues in the 
DAMA analysis. 

In principle, any dark matter signal should be visible as both a modulation 
and an excess event rate. For now, we can only say that CDMS and DAMA 
have results which are inconsistent within some frameworks for dark mat- 
ter (albeit the traditionally popular ones). The DAMA/LIBRA modulation 
could be due to an unusual systematic, or it could be a sort of dark matter 
we weren't looking for. CDMS and similar experiments will continue to push 
the bounds of sensitivity for WIMP dark matter in the usual mass range (> a 
few GeV), while further analyses and new experiments explore more of the 
possible parameter space (very low masses, non- WIMPs, etc.). 
• (Maxim): I propose to put the present discussion and to continue discussion 
of Puzzles of dark matter searches on Forum of Virtual Institute of Astropar- 
ticle physics 0Q. 
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Abstract. Discussion concerns the evaluation of the colour, the weak and the "nuclear" 
interactions among the fifth family quarks, among the fifth family baryons and among the 
fifth family and ordinary baryons. 



We have been discussing how the cross section for scattering of the two fifth 
family quarks (or a quark and an antiquark) depends on the mass of quarks, if 
the average kinetic energy of the colliding members of the fifth family quarks is of 
the same order of magnitude as their mass (the temperature, when they collide, 
is namely kbT = m q5 c 2 ). There are four families of fermions of lower masses (the 
three observed and the fourth with the masses of quarks at around 200 GeV). 



8.1 Generic scattering processes 

We want to know how the cross sections depend on the quark masses when the 
average kinetic energy of the colliding members is of the same order of magni- 
tude as their (very heavy) masses. 

We should in principle take all the interactions into account, but the strong 
interaction is the dominating one. I am no QCD expert, so I start by looking at 



some generic scattering processes, like shown in figure 8.1 




Fig. 8.1. Generic scattering process. 



where q, q' and q, q' are quarks and antiquarks, respectively, and is some 
vector boson. 

With a Lagrangian of the form C = qy^qB,^ where B H is the (generic) vector 
boson, and the amplitudes corresponding to the diagrams in Fig. 8.1 are 



Mi -u s (k) Y ^u r (p)^ p (p-k)<(k')Y p u;(p'), 
M 2 -v;(p') Y ^u r (p)^ p (p + p'K(k')y p v s (k) 
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where the u:s and v:s are spinors, s,r, s',r' are spins, and V w are the boson prop- 
agators. The corresponding cross sections are 

dcr= ^7 — ^9 (p+P '-k-k' — -r- 8.1 

v Tel (27t) 3 2p 2p£ 2k 2k£ 

where Mj are the transition amplitudes, j = 1 , 2. 

For particles in a Lorentz frame, moving collinearly (e.g. the lab system or 
the Center of Mass system). In such a frame v re i is given by 



V T el — , (0.2) 

PoPo 



where ra = m q and m' = m q '. 



The diagrams in Fig. 8.1 encompass electromagnetic, weak and strong in- 
teractions. We are mainly interested in the strong interaction diagrams, but the 
question is the form of the gluon propagators, since unlike the electromagnetic 
and weak interactions that can be handled pertubatively, in strong interaction all 
orders may be of comparable magnitude (i.e. the contributions from the lowest 
order diagrams are no longer overwhelmingly dominating). 



8.2 The cross sections 



In order to calculate the cross sections for the prosesses in Fig. 8.1 we initially use 
the standard Lagrangian 

TV, 1 

C = Y_^-m 1 )q ) -^G iKV G^ (8.3) 
j=i 

where where Tif is the number of families, qj is the quark (Dirac) field, 

JZ) = (cV-igA^, 

is the gluon field and G ^ G ^ the gluon field strength; and the quark mass 
parameter m, depends on the renormalization scheme and the scale parameter. 

We follow the usual procedures with averaging over initial spins and sum- 
ming the final spins, 

I Y_ IMil 2 -^ L lus(k)T H u r (p)^ p (p-k)uak')y p u;(p')l 2 = 

s ,r ,s ' ,r ' s,r,s ' ,r 7 



Tr[( >Y'(^ lv - «p; t (p - k| = 



2m' 2m' 

-kl 

[k^pi +k ri v >l + 9 m N - kp)] 



1^ P (p-k)P^(p-k) 



4 m 2 m' 2 

[k'V* + k'*p' p + g p<t, (m' 2 - k'p')] (8.4) 
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- Y_ |M 2 | 2 ~ (8.5) 



4 

s ,r,s ' ,r ' 



4 m 2 m' 2 

[k'Pk 71 + k ,T1 k p + g pT1 (kk' + m'q 

with the corresponding cross sections 



dcTl = 7 — ^v 9 (P + P -k-k' = 

4v rel (27t) 3 2p 2p^ 2k 2k£ 

1 t [k^ +k T ip' x + g^(m 2 -kp)] 



Dc'pp* + k^ + - kV)] 94(p + p , _ k _ dW (8 6) 

2po2p 2ko2k Q 

and 



, 1 |M 2 | 2 , 4f , / v ,,,d 3 kd 3 k' 

dcJ2 = ^ 7T^3i — ^v 9 (P+P -k-k' 

4v re i(27t) 3 2p 2p^ 2k 2k£ 



2 ) 

q Vfr+p'-k-k') " ™ 7 (8.7) 



[k'Pk^+k'^kP + gP^tkk' + m' 2 )] , , , , , d 3 kd 3 k' 

, . , —3 P+P -k-k' — — y 

2p 2p^ 2k 2k£ 



In calculating the first process, we go to the lab system, where p ' = 0, and 
PP' = (Po,p)(Po>0) =PoPo. 

so 

Ipl 



V T el 

P0 



and the cross section reads 



d ^ * |Mi|2 ^(p +P ^k-ko d ! kd ! k : 

1 4(27t) 3 |p|2p 2p^ iP + P J 2k 2k£ 



P° r fp _v m t fp kl [k^+k^ + g^(m 2 -kp)] 
4(27t) 3 | P r w(P kJ/ i* lP k) m 2 m' 2 "~" " 



& [k^* + kV + gP^tm- 2 - jcVj] 94 _ k dW 

2p 2p£ 2k 2k^ 

For the second process, we go to the center of mass system, i.e. p ' = -p, so 

v - |„|ll!°±P°l 
Vrel — P } , 

PoPo 
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and 



a PoPo M2 2 - 4f , , v .,,dW 

4|p|(po+Po)(27t) 3 2p 2p^ 2k 2k£ 

[p^p* + p'*p^ - g^*(pp' + m 2 )] 
2 — 72 ® 

2p 2p£ 2k 2k£ 



8.3 Gluon propagators 

There are several methods to obtain the gluon propagator by using non-pertur- 
bative methods, like in lattice field theory or the Dyson-Schwinger equations 
(an infinite system of non-linear coupled integral equations relating the different 
Green functions of a quantum field theory). There are many different solutions 
for both methods, and in many cases it is useful to introduce a dynamical gluon 
mass HI. 

In a general covariant gauge, the gluon propagator can be expressed (2j 

gD^(Q) = (6^ - Q^/Q 2 )A(Q 2 ) + g 2 £,Q^/Q 2 (8.10) 

where £, is a gauge fixing parameter. 

We merely want to know how the cross sections depend on the quark masses. 
For dc2 we go to the CM system and represent the gluon propagator by a a 
generic expression, neglecting the subtleties of transversal and longitudinal terms, 
P«(3 ~ (Sap - QaQp/Q)- This gives, for Q =p+p' = k + k', 



d£T ^4|p|(p 0+ pi)(2 7 r)3 (6 --^ )(6 ^ 
[p^p* +p'*p^-g^*(pp'+m 2 ) 



[k'Pk 11 +k /11 k p + g pT1 (kk / + m / )]_ 4 , , , lM d 3 kd 3 k 



9 4 (p + p'-k-k') 



2p 2p^, 2k 2k£ 
2[(pk)(p'k') + (pk')(p'k)] + Q 2 (m' 2 - m 2 ) - Q 4 



64|p|(p +p^(27t)3m 2 m' 2 
3 4 (p+p'-k-k') d ^ (8.11) 



Likewise for the first process in Fig. 8.1 (in lab system). In the limit of very heavy 
quark masses, it is perhaps more realistic to use the static HQET Lagrangian be- 
low. 

This is just an attempt to get a grip on the form of these (very basic) cross sec- 
tions, well aware of the fact that QCD is very different at different energy scales, 
and that the form of the gluon propagators therefore need a careful consideration. 
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In fact, QCD is really a multi-scale theory: 

m< A« m 
m = rrtu, m.d, m s 
m = m c , m.b, m t , ... 
A ~ 700MeV 

There are two more scales: for the ultraviolet cutoff [n/a) and the infrared 
cutoff (L _1 ). In principle we have L _1 <c m <C A <c TUb <C n/a, but in practice 
L" 1 < m < A < m b ~ n/a. 

A multi-scale problem can be dealt with by introducing some scale-separating 
scheme (like an effective field theory), this is precisely what is done in lattice 
QCD. An effective field theory separates short-distance effects from long-distance 
effects by introducing a separation scale to place a boundary between long and 
short, and also introducing new fields that to describe the long-distance part, and 
then equating the effective theory and the underlying theory, i.e. L undeT Ujin.g = 

Leff ective- 

The electroweak effective Hamiltonian is an example of this. The underly- 
ing theory is the Standard Model, and the effective Hamiltonian is a theory of 
photons, gluons, and the five lighter quarks. 

Another example is the non-relativistic effective theory for heavy quarks, 
like the heavy-quark effective theory (HQET) and non-relativistic QCD. Heavy- 
quark fields in underlying theory has four components; in effective theory two 
components. These can be derived to all orders in QED and QCD perturbation 
theory. 



8.4 Heavy Quark Effective Theory 

The Heavy Quark Effective Theory, HQET, is an effective theory that is obtained 
from QCD by performing a 1/m expansion, where m is the heavy quark mass. 
In the infinite mass limit the heavy quark acts like a static colour source. The 
momentum p q of the heavy quark scales with the mass, therefore one uses the 
quark velocity v as the kinematic parameter. Taking the heavy quark momentum 
to be p q = rav + p ' = m(v + p '/m), where p ' is the part of the momentum that 
does not scale with the mass, we can express the heavy quark field (in full QCD) 
as 

Q(x)=e^vx n+( _^_ )ipJqv 

= e- imvx [1 + -Lp ± + (_L) 2 (-iDv)0 ± + ...]q v (8.12) 
2m 2m 

and the Lagrangian 

C = q v (ivD)q v + q v ip ± (^-__^)ip_ L q v = (8.13) 

1 9 It 

= q v (ivD)q v + — q v (ip ± ) 2 iq v + ( — ) 2 q v (i0 ± )(-ivD)(i0 ± )q v + .. 
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where D is the covariant derivative of QCD, and 1 /m is the mass of the heavy 
quark field Q in full QCD, and q v is the static heavy quark moving with velocity 
v, corresponding to the upper components of the full field, since 

P( + )1v = civ, P(-)Qv = 0/ P(±) = (y± 1 )/2. The leading terms of these expan- 
sions define the static limit with the static Lagrangian 

C,tat = qv(ivD)q v (8.14) 

that describes the heavy degrees of freedom. 

In the case when bottom and charm are perceived as be heavy, the static 
Lagrangian for both quarks is written 

£ s tat = bv b (i-vD)b Vb + c Vc (ivD)c Vc (8.15) 

where b Vb and c Vc are the bottom and charm quarks moving with velocities 
v c and Vb, respectively. Notice that the quark masses do not appear in the La- 
grangian, which means that the Lagrangian has a heavy flavour symmetry which 
allows rotations of the b- and c-fields into each other. 

Both spin directions of the heavy quark couple in the same way to the glu- 
ons as well, so the Lagrangian has a symmetry under rotations of the heavy 
quark spin, so all the heavy hadron states that move with velocity v fall into spin- 
symmetry doublets in the infinite mass limit. 



8.5 How to proceed 

We should discuss which processes should be considered, i.e. what scattering pro- 
cesses (involving heavy fermions) would be characteristic within this scenario. 
We should moreover discuss what gluon propagators we should use, and also 
consider the electro weak contribution to the cross sections. 
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Abstract. Virtual Instutute of Astroparticle Physics (VIA) has evolved in a unique multi- 
functional complex, aimed to combine various forms of collaborative scientific work with 
programs of education on distance. The activity on VIA website includes regular video 
conferences with systematic basic courses and lectures on various issues of astroparticle 
physics, library of their records and presentations, a multilingual forum. VIA virtual rooms 
are open for meetings of scientific groups and for individual work of supervisors with their 
students. The format of a VIA video conference was used in the program of Bled Workshop 
to discuss the puzzles of dark matter searches. 

9.1 Introduction 

Studies in astroparticle physics link astrophysics, cosmology and particle physics 
and involve hundreds of scientific groups linked by regional networks (like AS- 
PERA/ApPEC [1]) and national centers. The exciting progress in precision cos- 
mology, in gravitational wave astronomy, in underground, cosmic-ray and accel- 
erator experiments promise large amount of a new information and discoveries 
in coming years. Theoretical analysis of these results will have impact on the fun- 
damental knowledge on the structure of microworld and Universe and on the 
basic, still unknown, physical laws of Nature (see e.g. |2J for review). 

It is clear that the effectiveness of the work depends strongly on the number 
of groups involved in this activity, on the information exchange rate and on the 
overall coordination. An international forum, be it virtual, which can join all the 
groups and coordinate their efforts would give a boost to this cooperation. Par- 
ticularly this is important for isolated scientific groups and scientists from small 
countries which can contribute a lot to this work being a part of the large inter- 
national collaboration. A possibility of education on distance, involving young 
people from all over the world, is another important aspect of this activity. 

A good example of such kind of structure is an International Virtual Obser- 
vatory 1 3 1, created in 2002. It has demonstrated the work effectiveness and fruitful 
cooperation of many organizations all over the world. Problems of Virtual Labo- 
ratories were discussed in |4|. 
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In the proposal J5J it was suggested to organize a Virtual Institute of As- 
troparticle Physics (VIA), which can play the role of such unifying and coordi- 
nating structure for astroparticle physics. Starting from the January of 2008 the 
activity of the Institute takes place on its website |6| in a form of regular weekly 
video conferences with VIA lectures, covering all the theoretical and experimen- 
tal activities in astroparticle physics and related topics. The library of records of 
these lectures and their presentations is now accomplished by multi-lingual fo- 
rum. Here the general structure of VIA complex and the format of its video con- 
ferences are stipulated to clarify the way in which VIA discussion of puzzles of 
dark matter searches took place in the framework of Bled Workshop. 



9.2 The structure of VIA complex 



The structure of VIA complex is illustrated on Fig. 9.1 The home page, presented 




on this figure, contains the information on VIA activity and menu, linking to di- 
rectories (along the upper line from left to right): with general information on 
VIA (What is VIA), to Forum, to VIA virtual lecture hall and meeting rooms 
(Rooms), to the library of records and presentations of VIA lectures and courses 
(Previous) and to contact information (Contacts). The announcement of the next 
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Virtual meeting, the calender with the program of future lectures and courses to- 
gether with the links to VIA news and posters as well as the instructions How to 
use VIA are also present on the home page. The VIA forum, now being ready to 
operate, is intended to cover the topics: beyond the standard model, astroparti- 
cle physics, cosmology, gravitational wave experiments, astrophysics, neutrinos. 
Presently activated in English, French and Russian with trivial extension to other 
languages, the Forum represents a first step on the way to multi-lingual character 
of VIA complex and its activity. 



9.3 VIA lectures and virtual meetings 

First tests of VIA system, described in |5|, involved various systems of video 
conferencing. They included skype, VRVS, EVO, WEBEX, marratech and adobe 
Connect. In the result of these tests the adobe Connect system was chosen and 
properly acquired. Its advantages are: relatively easy use for participants, a pos- 
sibility to make presentation in a video contact between presenter and audience, 
a possibility to make high quality records and edit them, removing from records 
occasional and rather rare disturbances of sound or connection, to use a white- 
board facility for discussions, the option to open desktop and to work online with 
texts in any format. The regular form of VIA meetings assumes that their time 
and Virtual room are announced in advance. Since the access to the Virtual room 
is strictly controlled by administration, the invited participants should enter the 
Room as Guests, typing their names, and their entrance and successive ability to 
use video and audio system is authorized by the Host of the meeting. The format 



of VIA lectures and discussions is shown on Fig. 9.2 

The ppt file of presentation is uploaded in the system in advance and then 
demonstrated in the central window. Video images of presenter and participants 
appear in the right window, while in the lower left window the list of all the at- 
tendees is given. To protect the quality of sound and record, the participants are 
required to switch out their audio system during presentation and to use upper 
left Chat window for immediate comments and urgent questions. The Chat win- 
dow can be also used by participants, having no microphone, for questions and 
comments during Discussion. In the end of presentation the central window can 
be used for a whiteboard utility as well as the whole structure of windows can be 
changed, e.g. by making full screen the window with the images of participants 
of discussion. 



9.4 VIA Discussion Session at Bled Workshop 

VIA discussion session took place in the framework of Bled Workshop on 24 July. 
It contained presentations: by N.S. Mankoc Borstnik about dark matter candi- 
dates following from her approach, unifying spins and charges, by G. Bregar 
about the possibility to explain the results of dark matter searches by some of 
these candidates, M. Yu. Khlopov about the composite dark matter scenario and 
by A.Mayorov and E. Soldatov about the application of this scenario to solution 
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Fig. 9.2. Video conference with lecture by John Ellis, which he gave from his office in 
CERN, Switzerland, became a part of the program of XIII Summer Institute on Astropar- 
ticle physics in Gran Sasso, Italy 



of the controversy between the results of DAM A and CDMS experiments. The 
content of these presentations can be found in the contributions J7| . To clarify the 
possibilities to explain the positive results of DAMA/Nal and DAM A/ Libra ex- 
periments without contradiction with strong constraints, which follow from the 
results of CDMS experiment, J.Filippini (Berkeley,USA) from CDMS collabora- 
tion took part in Discussion (Fig. |9.3) . His arguments can be found in the Discus- 
sion section of this volume. 

In spite of technical problem for some participants the main root of virtual 
meeting, which was organized in Bled,Slovenia and involved J.Filippini in Berke- 
ley, USA and A.Mayorov, E.Soldatov and other participants from Moscow, Russia 
was stable during all the 3 hours of the video conference. 

9.5 Conclusions 

The exciting experiment of VIA Discussion at Bled Workshop, the three days of 
permanent online transmissions and distant participation in the Gran Sasso Sum- 
mer Institute on Astroparticle physics, the VIA interactive form of Seminars in 
Moscow and in Pisa with participation and presentation on distance, the stable 
regular weekly video conferences with VIA lectures and the solid library of their 
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Fig. 9.3. Bled Conference Discussion Bled-Moscow-Berkeley 



records and presentations, creation of multi-lingual VIA Internet forum, regular 
basic courses and individual work on distance with students of MEPhI prove that 
the Scientific-Educational complex of Virtual Institute of Astroparticle physics 
can provide regular communications between different groups and scientists, 
working in different scientific fields and parts of the world, get the first-hand 
information on the newest scientific results, as well as to support various edu- 
cational programs on distance. This activity would easily allow finding mutual 
interest and organizing task forces for different scientific topics of astroparticle 
physics. It can help in the elaboration of strategy of experimental particle, nu- 
clear, astrophysical and cosmological studies as well as in proper analysis of ex- 
perimental data. It can provide young talented people from all over the world to 
get the highest level education, come in direct interactive contact with the world 
known scientists and to find their place in the fundamental research. To conclude 
the VIA complex is in operation and ready for a wide use and applications. 
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